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THE subject which I have chosen for this Presidential address is a 
very ancient subject, for it is eighty-one years since Little, Senior 
Physician to the London Hospital, founder of the Royal Orthopedic 
Hospital and visitor to the Earlswood Asylum for Idiots, commenced his 
writings, which culminated in a monograph read before the Obstetrical 
Society in 1861. This monograph is based upon a personal experience 
of 200 cases, and it is so complete in clinical detail, so free from error 
either of observation or deduction, and so truthful that it has completely 
withstood the test of time to the present day. Even modern writers 
repeat “‘he left but few details which can be added to his clinical 
description of the disease,” and we may justly regard this as one of the 
first monographs on modern neurology. 

No malady more appropriately continues to bear the name of its first 
recorder than does “‘ Little’s disease.’ His truthfulness of description, 
discrimination and accuracy of deduction have not been equalled in all 
of his successors who have written upon this subject. Some of them 
have, I think, failed very lamentably both in observation and in accuracy 
of deduction, and yet their conclusions have gained such universal 


acceptance as to have led to a serious impairment of the progress of 
knowledge upon the subject and to such a confusion of the issue, that 
despite the excellent work and splendid monographs which have been 
published by many writers, notably by Charcot, Paul Simon, Dejerine, 
Marie and Freud, the student of the present day, if he has gained a 
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fair working idea of the pathology of this disease, will not have 
obtained this knowledge from any text book of neurology written in the 
English tongue, whether translated from a foreign language or no. 

[ can best introduce my subject to you, and build up a conception 
—though perhaps a personal one — of the causation of cerebral 
diplegia, by briefly reviewing the more important contributions which 
have been made to this subject. 

Some of the clinical features of cerebral diplegia were described 
in the early part of the nineteenth century by Andry, Delpech, Heine 
and others under the name of “cerebral spastic paralysis,” and Joerg, 
in 1828, stated “that too early and unripe-born foetuses may present a 
state of weakness and stiffness in the muscles persisting until puberty or 
later." Shakespear is claimed by Little to have outlined both the clinical 
aspect and the pathogeny of the disease when he puts these words into 
the mouth of King Richard III :— 

“T am deform’d, unfinish’d, sent before my time 
Into this breathing world, scarce half made up, 


And that so lamely and unfashionable, 
That dogs bark at me as I halt by them.” 


And Little found on searching for Shakespear’s authority for this 
description of the king, Sir Thomas More’s statement that Richard 
actually was born prematurely and foot first, and that there was great 
difficulty in reviving him. Sir Walter Scott also gives a good descrip- 
tion of diplegia in the person of Nick Strumper in “The Pirate,” 
and Raphael painted an excellent picture of one afflicted with this 
malady in his well-known “ Transfiguration.” Yet it was Little in the 
Lancet of 1841 who first called attention to “the influence of 
abnormal parturition, difficult labour, premature birth, and asphyxia 
neonatorum, on the mental and physical condition of the child, especially 
in relation to deformities.” He saw at once the difficulty of making 
such widely dissimilar physical conditions as premature birth with pre- 
cipitate delivery, on the one hand, and prolonged labour with asphyxia 
on the other hand, responsible for one and the same pathological con- 
dition. He did not think that gross injury to the brain was responsible 
for any of the diplegic forms of infantile spastic paralysis, though it 
might be for some of the hemiplegic forms, for how could the 
precipitate birth of a premature infant in a multiparous woman give 
rise to gross injury of the brain? He excluded gross injury to the 
brain as a causal factor of diplegia, because he knew of his experience 
and emphasized as a fact, that many of the milder paraplegic forms of 
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diplegia show a tendency to progressive recovery throughout childhood, 
which may reach completeness. He pinned his faith upon asphyxia 
as the cause of the lesion of the nervous system. In all prolonged 
labour and in breech presentations the cause of the asphyxia is obvious. 
In precipitate labour and in the case of premature infants he pleads 
again for asphyxia as the essential cause. Pressure upon the umbilical 
cord, even for a very short time, or any other interference with the 
placental circulation, is likely to have a much more serious effect upon 
the immature than upon the mature. The premature child may not 
have the vitality to establish respiration soon enough, or its vessels may 
not be ready for the necessary change in the circulation which should 
occur at birth. He actually found the same venous and capillary con- 
gestion and minute petechiw upon the brain, heart and serous surfaces 
of the premature and precipitantly born as are well known to occur 
in those dead after prolonged labour and obvious asphyxia, and he 
argued that a widely spread fine lesion of this nature, in which 
“decarbonization produced devitalization of the brain, relative or 
absolute,’ and in which petechial hemorrhages in the substance of the 
brain played a part, was the cause of the spastic paralysis. He has 
something also to say on the subject of meningeal hemorrhages, for he 
collected many accounts of necropsies of newly born after difficult 
labour, and concludes that in the majority of the fatal cases only intense 
turgescence of sinuses and veins, with extreme congestion of the capil- 
lary system, occurs, but that when effusion of blood does take place 
it soon finds its way in all cases into the dura mater of the spinal 
canal. He never suggests that meningeal hemorrhage is a cause of 
infantile spastic paralysis. 

To sum up his valuable contribution to our knowledge of the 
vausation of diplegia: He established the incontestible fact that this 
condition is often associated with abnormalities of birth, at the same 
time stating: “It is obvious that the great majority of apparently still- 
born infants, whose lives are saved by the attendant accoucheur, recover 
unharmed from that condition.”” He assumed the affection to be a 
widely spread fine lesion of the cerebral substance, which could affect 
one part of the brain more than another. He stated the important fact 


that the less severe cases may show a progressive recovery in the 


zourse of years, thereby proving that slighter degrees of the lesion are 
recoverable. And lastly he excluded gross injuries to the brain during 
birth and gross lesions from the etiology of the disease which 
bears his name, and pointed out its common association with 
microcephaly. 
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Strictly speaking, the term ‘ Little’s disease’’ should be confined 
to those cases of diplegia associated with difficult birth. Actually, since 
the association of difficult labour has been shown to be an incidental 
and not a necessary accompaniment, it has been adopted by the French 
school for all conditions of cerebral diplegia present from the time of 
birth. If used for a particular class of diplegias it should be restricted 
to those forms in which the legs chiefly are affected, for he first described 
these paraplegic forms, and rightly attributed them to a lesion of the 
brain, and he demonstrated their susceptibility of cure. Brissaud 
strove hard to confine it to the paraplegic forms occurring in premature 
children. 

In 1875 Erb and Charcot almost at the same time described the 
clinical picture of “ primary lateral sclerosis” in the adult, which they 
both, with some reservations on the part of Charcot, attributed to a 
primary degeneration of the pyramidal tract in the spinal cord. Cases 
occurring in childhood were soon discovered, and were described as 
examples of “spastic tabes in childhood.” These were actually examples 
of the paraplegic forms of Little's disease, Little's work being apparently 
unknown both to Erb and Charcot at the time of their earlier writings, 
but it was soon brought into prominent discussion, and a heated con- 
troversy which lasted some time was waged over: the question as to 
whether the primary spastic paraplegias of childhood owed their origin 
to spinal lesions or to cerebral lesions. Seligmuller, Foerster, Rupprecht 
and Naef ardently supported the spinal origin, arguing that any cerebral 
lesion found in this condition was either a complication or a secondary 
event. Slowly and surely the evidence went against these authorities, 
and in the end, owing to the excellent work of Wolters and of James 
Ross of Manchester, it became universally accepted that the lesion was 
cerebral in site, Marie alone holding on to an _ exclusive spinal 
pathology for some of the cases. 

During this controversy much pathological material was collected, 
with the result that the lesion of the brain found in cerebral diplegia 
was generally accepted to be a condition of atrophy and sclerosis of the 
convolutions, remarkably symmetrical and sometimes general, producing 
a walnut-kernel type of brain, sometimes local and incident upon any 
part or parts of the convexity of the hemispheres, but most often 
affecting the Rolandic region and in the paraplegic forms chiefly 
noticeable in the paracentral region, without any sign of meningeal 
involvement or vascular lesion. This was the “lobar atrophic sclerosis ”’ 
of the French school. It was recognized as the end result of some 
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previous pathological process, no explanation of the nature of which was 
forthcoming. The important fact was also emphasized that the degree 
of lobar atrophic sclerosis present in many cases did not correspond 
with the severity of the clinical picture; the paralysis might be very 
severe and the lobar atrophic sclerosis slight. The French authors 
agreed that the symptomatology was determined by other than the 
anatomical conditions so far brought to light in these cases. In other 
words the unknown initial pathological process may at the time of 
birth be much more extensive than is the atrophic sclerosis which 
follows in its train. The correctness of this conclusion is supported 
by all recent investigation. 

In 1885 Dr. Sarah McNutt presented for membership of the 
American Neurological Association a thesis upon this subject which 
requires examination in detail. It is a most important communication 
not only on account of the excellence of her clinical account and 
pathological findings, but chiefly on account of her false deduction, 
which, aided by the support of Sir William Gowers, had the most 
amazing and inexplicable effect upon public opinion as to the pathology 
of the disease. It introduced a glaring error which has remained until 
this day, and which, though pathologically untenable and resting upon 
no evidence whatever, seems to have defied all the attempts which 
writers during the past twenty-five years have made to eradicate it. 

Dr. McNutt described a case of 


ia) 


double infantile spastic hemi- 


plegia’’ in a child who was born after tedious labour, the aftercoming 
head being delivered instrumentally ; the child was convulsed almost 


unceasingly for nine days, after which it did not seem to have any 
muscular power and gradually developed into a severe and very typical 
case of general spastic diplegia, the face, muscles of deglutition, larynx, 
body and limbs being severely spastic. The child died at the age of 
two and a half years. The pathological findings are beautifully 
described and figured, so well in fact as to leave no possible doubt as to 
the nature of the condition present. The brain was small and of the 
walnut-kernel type, the arrangement of the convolutions was primitive 
and there was macrogyria. There was a long, straight, deep sulcus on 
the vertex of each parieto-occipital region. On each side, commencing 
in the region of the orbital lobule and extending in the direction of the 
Rolandic fissure, was a deep, wide groove which almost separated each 
hemisphere into two parts. In the bottom of this groove the ascending 
frontal gyrus was completely buried and was atrophied almost to 
extinction, while the adjacent precentral and postcentral gyri were 
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severely atrophied. The atrophy was most marked in the paracentral 
region. There were no signs of meningeal involvement nor of any 
vascular lesion. Upon microscopical examination the atrophied cortex 
consisted of a finely fibrillated tissue rich in nuclei and corpora 
amylacea. No ganglion cells or nerve fibres were to be seen. No large 
nerve cells could be found, even in the grey matter on the top of 
the convolutions where the cortex is best preserved. Her pathologist 
described the condition as one of a sclerosis commencing in the deeper 
layers of the cortex or in the medullary substance and invading the 
cortex from within outwards. The pyramidal tracts were degenerate 
above and absent below. The situation of the pyramidal tracts in the 
pons, medulla and cord was occupied by a finely fibrillated and granular 
tissue containing some naked axis-cylinders but very few medullated 
fibres. 

One can have no hesitation in being positive that the pathological 
process in this brain which McNutt described had begun long before 
birth, from the primitive nature of the arrangement of the convolutions 
and from the condition of the pyramidal tracts. It was a typical 
condition of lobar atrophic sclerosis with cerebral agenesia. Had 
McNutt remained content with her description of this case no harm 
would have been done, but she proceeded to refer to two other cases 
which she had recently published and figured. One of these only is 
worthy of mention. It was the case of a child delivered by the breech 


with easy labour who had severe convulsions from the fourth day 
onward, and who on the twelfth day began to develop a left hemiplegia 
which became complete. Death occurred on the twenty-second day. 


Upon autopsy the left hemisphere was normal but the right hemisphere 
was covered by a clot which had broken up the central! convolutions, 
the optic thalamus and the corpus striatum, and which was only 
separated from the lateral ventricle by the ependyma. McNutt then 
proceeds to lay down the proposition that “‘it is a legitimate conclusion 
that had this case lived it would have developed by cicatrization the 
shrinkage of the central convolutions with convergence of the neigh- 
bouring convolutions which characterize the most marked cases of this 
disease,” and she then generalizes meningeal hemorrhage as the 
universal cause for infantile spastic states dating from the time of birth 
and associated with difficult labour. This opinion expressed by her has 
gained the widest acceptance, so that one reads on every hand that 
meningeal hemorrhage is a proved cause of diplegia. Yet her case of 
diplegia did not date from birth, for upon the anatomical findings the 
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disease must have been installed early in foetal life, and her case of 
meningeal hemorrhage was not the result of difficult labour, for the 
birth is described as having been particularly easy. It was not a case 
of meningeal hemorrhage, but an intracerebral hemorrhage from a 
deep vessel which ploughed up everything in one hemisphere only, from 
the basal ganglia to the cortex, ultimately bursting upon the surface 
and partly retained there by the immediate coagulation which tissue 
disruption entails. This cerebral hemorrhage did not occur at the time 
of birth but on the twelfth day after birth when the signs of hemiplegia 
first appeared, as is obvious from the accurate clinical notes 

Yet this is the evidence upon which the case for meningeal hxmor- 
rhage as a cause for diplegia rests. There is no other evidence. 
Freud, in his magnificent monograph of 1897, searched clinics, 
museums and the literature in vain for other evidence and found none. 
And that too has been my experience. The French pathologists have 
never accepted meningeal hemorrhage as a cause of diplegia. 

It is true that meningeal hemorrhage is not uncommon after 
difficult labour, and doubtless it is a cause of convulsion occurring 
after such births. Cruveilhier noted it a century ago, Little mentioned 
it to dismiss it as a cause of his disease, James Ross thought it might 
be a cause but brings no evidence. Weyhe performed 957 autopsies 
upon children from a few days to six months old and found signs of 
meningeal hemorrhage in 122 of the cases, that is in 13 per cent., 
though none of these cases presented any sign or symptom of damage 
to the brain, and similar results were obtained by Mracek. 

The evidence demands the verdict that meningeal hemorrhage 
should be deleted as a causal factor of any infantile spastic state. 
Gowers in two lectures delivered at University College Hospital in 1888, 
and printed in the Lancet, supported and advertised McNutt’s theory, 
but he had no evidence of his own, He makes one valuable statement, 
the truth of which is worthy of all support, when he records how many 
of his cases of diplegia have been the firstborn of healthy mothers. 

Strumpell in 1885 brought forward undoubtable cases of postnatal 


diplegia and infantile hemiplegia due to polioencephalitis, and he argued 


this initial pathology for infantile spastic states in general. There does 
not appear to be much evidence in favour of foetal polioencephalitis, 
although Virchow in 1865 described “ encephalitis congenitalis,’’ and 
von Limbeck considered atrophic lobar sclerosis to be the result of this 
condition. More recently the Longs have published some remarkable 
necropsies which seem to show that encephalitis may occur in intra- 
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uterine life, so that it is difficult entirely to refute the suggestion. 
All recent evidence has confirmed the truth of his assertions that polio- 
encephalitis is a common cause of post-natal infantile hemiplegia, and 
that acquired diplegia with severe initial symptoms may also be of this 
nature. Though his work received but little support for many years, 
except from Pierre Marie, most of it has borne the test of time. 
[t must be remembered that he referred poliomyelitis and_polio- 
encephalitis to the same morbid agent many years before the Swedish 
epidemics and Wickman proved incontestably the incidence of the virus 
of poliomyelitis both upon brain and spinal cord. 

That other forms of encephalitis can produce the clinical picture of 
cliplegia both in childhood and in adult life seems certainly proved, for 
example, those forms which occur in the course of known specific fevers 
and especially in measles, and after lethargic encephalitis, of which I 
have shown an example before this Society. 

In 1894 Brissaud started an entirely new conception of the origin of 
ciplegia, or rather of certain forms of diplegia. He considered that 
prematurity of birth was the essential causal factor, and he avowed 
that birth before term arrested or retarded the essential functions of 
evolution of the foetus. He brings forward the authority of Flechsig, 
Parrot and Hervouet that the pyramidal system commences to grow 
out of the cortex in the fifth month of fcetal life and is only completely 
developed at the age of three and a half years. He says, “ What takes 
the pyramidal tract three weeks to grow in intra-uterine life will take it 
three years or never in extra-uterine life in the prematurely born, and 
thence arises the spastic paralysis.’’ He rigidly restricts this pathology 
to what he calls “ Little’s disease,’ which he confines, evidently for the 
purposes of his theory, to those purely paraplegic forms of diplegia 
without mental deterioration or fits, which show a tendency to spon- 
taneous amelioration or cure in the course of years. Now this is picking 
and choosing in the highest, for there is every gradation between the 
purely paraplegic and the more severe varieties of diplegia, and these 
cannot be separated pathologically. It is obvious that the immense 
majority of prematurely born children who survive complete the 


development of their nervous system in good time and do not develop 
Little's disease. I do not think that the major incidence of premature 
birth in connection with paraplegic forms, though incontestably true, 
is universal enough to help Brissaud’s argument, and there is the much 
more subtle explanation of Freud that the dyscrasia which produced the 
pyramidal trouble also produced the premature birth. I am of the 
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opinion that in all autopsies upon paraplegic diplegia some defect has 
been found throughout the whole pyramidal system from cortex to 
‘lumbar region, but if Brissaud’s hypothesis were correct one should 
find no abnormality of the cortex and upper part of the pyramidal 
system. Nevertheless he had many followers, including Marie and van 
Gehuchten. The latter writer argued that since the pyramidal tract 
has only reached the medulla at the end of the seventh month of foetal 
life, premature birth will cause rigidity of the trunk and all four limbs. 
At the end of the eighth month it has reached the dorsal region and 
therefore premature birth at this time will cause rigidity of the lower 
limbs only. After birth some slow renewal of the arrested growth of 
the pyramidal system occurs ; therefore these cases tend to improve and 
sometimes to recover. 

Meanwhile the steady accumulation of pathological evidence called 
for a conception of primary neuronic degeneration as the initial morbid 
process in the causation of diplegia. Cotard, as early as 1865, drew 
attention to the atrophy of the pyramidal cells out of all proportion to 
the shrinking of convolutions or sclerosis. Warda, in 1895, found 
disappearance and degeneration of the cortical neurones in a case of 


prenatal diplegia that was certainly not secondary to any sclerosis or 
other gross pathological change. Mya and Levi, in 1896, found arrest 
of neuroblastic growth with degeneration of such neuroblasts as had 


developed their processes, and Sachs in a case which he had demon- 
strated as one of meningeal hemorrhage, found primary degeneration 
of the pyramidal neurons. Some of the most severe of the prenatal 
cases were found to have no gross lesion at all, not even atrophy 
of convolutions, but an almost universal degeneration of cortical 
cells pointing to the advent of a rapid degenerative change shortly 
before birth. Cases of post-natal diplegia of insidious onset and clini- 
cally similar to the prenatal cases, two of which I published in Brain, 
of 1900, were recorded as having their onset throughout childhood, 
even as late as the twelfth year (notably a remarkable case published 
in Brain, by Campbell), and in all these cases primary neuronic 
degeneration was the lesion. There were also the Waren-Tay and 
Sachs type of diplegia recorded which, although sometimes racial and 
familial, deserves to be included in the general class of diplegias, and in 
these primary degeneration of the neurons is the essential lesion. The 
occurrence of optic atrophy in many cases of diplegia (it occurred in 
twelve of seventy-two cases observed by Koenig) made any explanation 
other than a primary neuronic degeneration difficult. Dejerine always 
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supported a neuronic pathology, and he contended for a clinical and 
pathological separation between the diplegias and the double hemi- 
plegias. The diplegias, he argued, were all clinically evidenced by more 
rigidity than paralysis, and by an invariably major affection of the legs, 
and were pathologically characterized as being due to cell lesions 
prenatal in commencement. The double hemiplegias on the other 
hand were clinically marked by the unvarying major paralysis of 
the upper extremity and by an excess of paralysis over rigidity, while 
pathologically they were the result of gross lesions of both hemi- 
spheres, vascular, traumatic or encephalitic, and were post-natal in onset. 
They were in fact just like infantile hemiplegias in every respect. 

This distinction between diplegia and double hemiplegia is an 
important one, which has too often escaped writers upon this subject, 
and if I may be allowed to introduce another clinical observation into 
this address which should be confined to pathology, may I couple on to 
Dejerine’s distinction that of Lewandowsky, who affirms, and I think 
with good premises, that the athetosis associated with hemiplegias and 
double hemiplegias is an entirely different phenomenon to the athetosis 
of diplegia, since the latter is only brought into evidence by volitional 
movements and is never spontaneous. 

In 1897 came the grand monograph from Freud, of Vienna. He 
had been writing for some ten years upon this subject, and finally 
collected and reviewed with the most critical analysis the works of all 
preceding authors in a monumental volume entitled ‘‘ Infantile Cerebral 
Paralysis’’ which still remains the most complete and authoritative 
exposition of this subject. Freud seems to have been the first to use 
the term “ cerebral diplegia ’’ as indicating a bilateral symmetrical defect 
of the brain, not the result of gross lesions, in contradistinction to 
hemiplegia and double hemiplegia which he considered always to be 
the result of gross lesions. He argued, and indeed I think that he 
proved, that all the diplegias which dated from birth and which had 
been attributed to abnormalities of birth, really had their pathological 
origin long before birth in intra-uterine life. He tore to pieces the 
“meningeal hemorrhage ’’ hypothesis and showed, as I have attempted 
to demonstrate to you, that it rested upon no evidence whatsoever. He 
piled up statistics which proved that every writer on the subject had 
admitted that 40 per cent. of all diplegias dating from birth were 
without any possible factor connected with birth, neither premature, 
precipitate, prolonged or instrumental birth, nor asphyxia, nor post- 
natal convulsions. He analysed most carefully the circumstances 
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attending the difficult or instrumental birth and the asphyxia of the 
new-born associated with diplegia, and found not dystocia from dis- 
parity between the size of the head and the maternal passages, but 
uterine inertia as the cause of the difficult labour and asphyxia. And 
he sums up in these words: ‘“ Premature, precipitate and difficult 
birth and asphyxia neonatorum are not causal factors in the production 
of diplegia; they are only associated symptoms of deeper lying 
influences which have dominated the development of the foetus or the 
organism of the mother.’ ‘The only cerebral paralysis which results 
from difficult birth occurs when the brain is lacerated, and this takes 
the form of a monoplegia or hemiplegia, very rarely of a double hemi- 
plegia, and the anatomical result of this lesion is entirely different from 
the findings in the brains of diplegia. Having thus cleared away the 
question of difficult birth as a causal factor, and having laid down the 
principle of the installation of the disease during intra-uterine life in 
diplegia present from the time of birth, Freud wished to link up 
prenatally installed diplegia with the cases which come on insidiously 
after birth and which have been met with commencing at every age 
during childhood even to the age of puberty, arguing a cause for primary 
neuronic degeneration of the brain which might be incident during any 


period of foetal life or during childhood. He cites some remarkable 


cases, among which those reported by Feer are especially worthy of 
attention. ‘These were three cases of diplegia of the same clinical type 
occurring among the children of the same mother. The first child who 
was born with difficult labour and asphyxia was diplegic from the time 
of birth and would well have served the antiquated theory as a typical 
case of meningeal hemorrhage producing diplegia. The second child 
was easily born, but again presented signs of diplegia of a more severe 
type from birth. The third child was particularly well and strong till 
after seven months, when signs of a progressive diplegia commenced. 
Krafft-Ebing reported a somewhat similar example in which one child 
was diplegic from birth, while two others were in every way normal 
until the ages of three and five years respectively when diplegia slowly 
appeared. In the two latter cases the disease progressed until the age 
of ten years and then became stationary. Many other cases of this 
nature have been recorded by Schultze, Pelizain, Newmark, and others. 
Surely the same pathological cause was present in the postnatal cases 
as in the prenatal cases in these families. Pelizain was anxious to 
bring all cases of familial spastic paralysis into the same causal group 
with congenital diplegia, for in the families reported there were cases 
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born paralysed after difficult birth, and others in which the paralysis 
commenced at any period of childhood up to the fourteenth year in 
apparently healthy children. 

The one distinction which at first seems to separate the congenital 
cases from the postnatal cases is neither a pathological distinction nor 
one of symptomatology, for the conditions seem to be identical in the 
two classes; it is the course of the disease. Most of the prenatal cases 
tend to improve, some to an extraordinary extent; while the postnatal 
cases never improve but tend to progress more or less rapidly to a fatal 
issue, a few only becoming arrested. Yet progressive prenatal cases 
are known and IJ have seen more than one such case, and both prenatal 
improving cases and rapidly progressing postnatal have occurred in the 
children of the same mother and often in members of the same family ; 
since in these examples the same cause must be acting in both, the 
difference in the course of the disease in the prenatal and in the post- 
natal cases does not necessitate the conception of a different pathology 
for the two conditions, nor justify Paul Simon in his assertion that they 
are two entirely distinct classes of disease. On the contrary, it seems 
to me that there is every reason both clinical and pathological that they 
belong to one class of diseases in which a primary degeneration of the 
cortical neurones may occur at any period during foetal and during 
adolescent life. 

In this connection it is of interest to consider the class of postnatal 
diplegias which have been named “‘amaurotic family idiocy” by Waren 
Tay and Sachs, the origin of which in primary neuronic degeneration 
has always been accepted, and which I contend should be included 
among the diplegias. The name is a little unfortunate, and not very 
descriptive, since this disease is characterized by marked paralysis, 
sometimes there is no optic defect, and sometimes no familial or 
racial incidence can be traced. But this disease seems to differ from 
all other varieties of diplegia in that the neuronic atrophy is not followed 
by sclerosis. It is necessary for the purposes of my argument to get 
rid of sclerosis as a cause of diplegia, and the fact that there is a 
form of diplegia in which sclerosis does not occur, together with the fact 
which I have already stated that the amount of sclerosis found in the 
common forms of diplegia is often much less than could account for 
the clinical signs, tend to strongly support my contention. Many 
pathologists have supported a primary sclerosis. Marie, for example, 
held that a toxic influence causing primary lobar atrophic sclerosis 
was the initial cause of the disease, but he made no attempt to explain 
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why it affected no other part of the nervous system than the cerebral 
hemispheres, nor why it was often so peculiarly systemic in dis- 
tribution. There seems in reality to be no _ primary sclerosis 
in the nervous system; it occurs only as a secondary event in 
train of neuronic degeneration, inflammatory processes and vascular 
lesions. 

In 1909 Anglade and Jacquin reported a necropsy upon a case of 
spastic diplegia which was of great interest. Clinically the case was 
one of general rigidity of the common type. They found a neuronic 
degeneration of the cortex of the cerebellum, in addition to a similar 
and much more extensive condition in the cortex of the cerebrum. 
This, I believe, was the first record of primary involvement of the cere- 
bellum in diplegia. The late Dr. F. EK. Batten many times expressed 
his belief to me that the cerebellum was extensively involved in the 
astatic and hypotonic forms of diplegia, several examples of which he 
showed at the clinical meetings of this society, and the fact that definite 
involvement of the cerebellum has been found gives a definite basis to 
this conception. Smallness of the cerebellum has been repeatedly 
noted, but it has been regarded as secondary to prefrontal lesions. 
Foerster long ago referred the astatic-atonic forms to an absence of 
the fronto-pontine projections, but I have been unable to discover 


upon what pathological or physiological evidence his statement was 


based. 

Since the year 1905 several authors have brought forward evidence, 
which has been chiefly clinical, to prove a causal connection between 
endocrine deficiency, especially thyroid deficiency, and cerebral diplegia. 
In the Lancet of 1908 McCarrison, writing on 


sé 


Endemic Cretinism in 
the Chitral and Gilgit Valleys,” analysed 203 cases, and found that they 
fell into two very distinct clinical groups: (1) the myxcedematous 
cretins corresponding with the classical description, and (2) the nervous 
cretins who were idiots with definite but not very gross signs of 
myxodema, and with general spastic paralysis of the body and limbs, 
strabismus and nystagmus. In his own words they were myxcedematous 
idiots with typical cerebral diplegia. One-third of all his cases were 
of this type. They seemed to develop the diplegia towards the end of 
the first year of life. McCarrison attributed the diplegia to a toxic 
process from a deficiency in the thyroid and parathyroid function in 
eliminating the toxins produced in normal metabolism. He pointed 
out that deaf-mutism was almost universal both in the myx- 
cedematous and in the nervous forms, and attributed this symptom, 
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which has long been well known in cretinism, to neuronic dystrophy in 
the cerebral cortex. He was able to make but one necropsy, and the 
condition of the brain is not described. 

In 1913, Chagas, in “‘ La Nouvelle Iconographie de la Salpétriére,”’ 
gave an account of the clinical and pathological results of infection with 
the Trypanosoma cruzi upon the nervous system. ‘The parasite was 
found generally distributed in the nervous system and cerebrospinal 
fluid. In the acute cases death occurred soon from a virulent meningo- 
encephalitis, while in the chronic cases, many of whom survived for 
years, a condition of spastic paralysis combined often with cerebellar 
and thalamic symptoms, and closely resembling cerebral diplegia, 
resulted, chronic meningo-encephalitis being the anatomical basis of the 
condition. Because the thyroid glands in conjunction with many of 
the internal organs were markedly affected by the trypanosomiasis, the 
“‘malady of Chagas” has been cited by subsequent writers in support 
of an origin of cerebral diplegia in hypothyroid dyscrasia. But 
Chagas never mentioned or suggested such a strained hypothesis, nor 
do his text and excellent figures show that any hypothyroidism 
existed, but he said and showed by his figures that “the nervous 


phenomena are the result of acute and chronic inflammatory processes 
set up within the nervous system by the actual local presence of the 


parasites. 

Langmead has reported an undoubtable case of cretinism with 
cerebral diplegia, and he applied McCarrison’s term “ nervous cretinism ” 
to this case. Crookshank considers that a variety of “ nervous cretinism ” 
is not uncommon in England; he has reported one case in which the 
mother was the subject of Graves’ disease, and he has shown several 
other cases. But these cases have met with considerable criticism since 
‘they did not present the characteristic features of the cretin, and it 
remains doubtful if they were in reality examples of hypothyroidism. 
That those varieties of cerebral diplegia which tend spontaneously to 
improve do so more rapidly when thyroid administration is used is very 
well known, but it proves nothing as to hypothyroidism being a causal 
factor in diplegia. My personal experience of a large number of cases 
is that I have never seen anything approaching cretinism nor even sug- 
gestive of hypothyroidism in any case of diplegia. McCarrison un- 
doubtedly proved the clinical association of diplegia with cretinism in 
his endemic cases. He did not prove that the diplegia was the result of 
thyroid disease, for it is justly arguable that both the cerebral and the 
thyroid lesions in his cases were two separate effects of one common 
infection. 
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I now turn to a consideration of the wtiological factors of diplegia, 
long lists of which will be found in all modern descriptions, with the 
remark that 40 per cent. of all the cases are without even the most 
slender causal antecedents. 

Hereditary and familial influences.—These are exceptionally rare in 
the common types of the disease. Yet there are recorded instances 
in which a mother who was the subject of pre-natal diplegia has given 
birth to a child afflicted with the same disease, an example of which 
was reported by Oppenheim. Familial incidence in which prenatal 
and postnatal cases occurred indiscriminately have been many times 
recorded, as in the reports of Krafft-Ebing, Feer, Newmark and Pelizain 
already referred to. Postnatal cases of a progressive type with a 
heavy familial incidence have been recorded by Souques, by Pibram and 
by Hochhaus, while this xtiology is also very obvious in the type of 
amaurotic family idiocy and familial spastic paralysis. Diplegia may 
also in rare instances be coincident in the same families with other 
degenerative diseases of the nervous system, notably hereditary ataxy 
and myopathy, and certain facts showing this relation have been 
pointed out by Koenig, Strumpell, Bernhardt, Franz Schultze and by 
myself. Consanguinity of parents has occurred not rarely. 

Maternal ill-health during pregnancy.—This factor has been placed 
in the most important position by many writers and I think without 
any justification, so rarely is it met with, so often are these diplegic 
children the first born of healthy young mothers, so frequently are 
perfectly healthy children born of very sick mothers, so little is there 
which is definite and tangible about the nature of the maternal ill 


health even when this does precede the birth of a diplegic child. 


The cause seems to be individual to the conception rather than 
transmitted by the mother, and I would remove maternal ill health 
from among the causal factors of this disease. There is however one 
important exception and that is the presence of syphilis. The influence 
of syphilis in causing diplegia has been hotly contested. Its incidence is 
admittedly rare. Naef and Feer examined 179 consecutive cases and 
were unable to prove the presence of syphilis in any one case. Dejerine 
insisted that syphilis was only a factor in that it caused premature 
birth. Yet I have seen diplegic children with the most conclusive signs 
of congenital syphilis, and so have many others. The most conclusive 
evidence is that in prenatal diplegia a condition of the brain is 
sometimes found in which granular ependymitis, decortication and the 
general resemblance to the brain of general paralysis is so striking 
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as almost to prove the point. What is needed is an examination of the 
Wassermann reaction in a long series of cases, and as far as I have been 
able to search the literature this has not yet been done. 

Abnormalities of birth.—I have already excluded these conditions as 
causal factors and placed them as common but by no means constant 
clinical associates of diplegia, indicative of something wrong with the 
foetus, or of something wrong with those mysterious relations between 
mother and offspring which determine a speedy delivery at full time. 
My authority is, the inconstancy of these so-called factors, the in- 
superable difficulty of referring one and the same pathological condition 
to such widely different causes as premature, precipitate, and prolonged 
birth and to asphyxia, the absence of any reasonable explanations or 
pathological findings to show how such events could produce the disease, 
the opinion of modern writers upon the subject and the complete 
negation from the conditions of the brain found in every case. 

Deductions from the pathological material.—lIt is remarkable that 
no lesions have been found in any part of the nervous system except in 
the cerebral and cerebellar hemispheres. Since the brain increases 
in size and develops during foetal life by the evolution and development 
into complete neurons of the neuroblasts of which it is originally 
composed, the terms which are so frequentiy met with in the literature 
of this subject, ‘* agenesia”’ and “ arrested development,” simply mean 
that some harmful process has affected the brain during its period of 
development. I have attempted to prove in my foregoing remarks that 
such arrest of development due to an affection of the brain during 
foetal life and not to any event connected with birth, is to be found in 
the brains of all those cases of diplegia in which the symptoms are 
present from the time of birth. And I have further argued that the 
first signs of the affection are expressed in neuroblastic and neuronic 
death or degeneration. If we liken the brain from the commencement 
of its development to a garden in early spring well sown with seeds 
—the neuroblasts—some of which germinate early, some mean time, 
and some late, those germinating early perhaps of a hardier sort, those 
germinating late perhaps of a more tender kind; and imagine what 
might be the, effect of a noxious influence—a sudden sharp frost for 
example—upon this garden. According to its severity and the time 
when it arrived, it might, if it caught all the seeds in a condition of 
germination and growth, leave this garden lifeless. Or it might spare 
those seeds as yet ungerminated and those seedlings which had attained 
sufficient growth and robustness to resist its influence, and affect only 
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certain varieties of the seedlings, perhaps according to the state of their 
development, to their death and destruction. Or the seedlings affected 
by the frost may not be all killed, some or all of them may be simply 
“cut” and their leaves for the time withered, and these may be able in 
some degree to renew their growth and attain a maturity, in some cases 
perfect, in others stunted and imperfect, in all retarded. Lastly this 
untoward weather may continue and crop after crop may perish in a 
progressive destruction. 

Some such process as I have put before you in this homely simile of 
the seedlings and the frost will, I submit, best serve to explain both the 
etiology, the symptomatology and the pathological findings in cerebral 
diplegia. ‘This hypothesis will in a measure explain the restriction of 
the affection to the cerebrum, for this is the latest to develop, and is the 
highest, and perhaps for these reasons the most vulnerable part of 
the nervous system. It will explain the tiny brain of severe micro- 
cephalic diplegia, with no differentiation between grey and white matter 
and the most primitive type of convolutions, for here is widely spread 
neuroblastic death early in fcetal life with no myelination because no 
processes have been developed from the neuroblasts. It will explain 
the strangely symmetrical and even strictly systemic affection of the 
cerebrum, the pyramidal region alone affected, the frontal and occipital 
regions alone affected, the parietal and frontal regions symmetrically 
involved while the pyramidal and occipital regions escape, or the corpora 
striata alone affected as in the cases of choreic diplegia and congenital 
athetosis examined by Anton and Demange. It will explain those 
severe cases in which no signs of arrested development and little 
naked-eye change are found in the brain, for here the cerebrum has 
been hard hit at a time when its development is almost complete. 
It will explain the progressive improvement of the slighter cases by the 


possibility of regrowth in partially or temporarily damaged neurones, 
and also those pre- and post-natal cases which show a progressive 


degenerative course. 

This hypothesis is not altogether original with me, though its 
development in this form is original. It was suggested to me by the 
writings of Brissaud on premature birth as the one and only cause for 
paraplegic diplegia. Premature birth was Brissaud’s frost which cut 
the pyramidal seedlings. On my hypothesis it was the frost which 
caused both the premature birth and the pyramidal deficiency simul- 
taneously. The cause of the initial process is entirely mysterious, as is 
the case also in so many of degenerative nervous diseases, as for example 
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the hereditary ataxies, myopathies and progressive muscular atrophy. 
It may be of the nature of a toxic or of a deprivative process, and is likely 
to be of more than one variety. If there is any difficulty in the con- 
ception of such a cause acting for a time only and subsequently allowing 
of regeneration of nerve elements, it is exactly paralleled by the neuronic 
affection of polyneuritis. If the action of the cause for a time only 
producing degeneration followed by final arrest is hard to believe, this 
is the invariable habit of the cause of peroneal atrophy where the 
degeneration, commencing at a certain period of life, progresses for a 
time and comes always to a final arrest within comparatively narrow 
limits. The picking out of the systems of cerebral neurons by this 
disease may conceivably be due to the time of incidence of the essential 
cause, or to its physiological selective capacity for certain of the elements 
only, as occurs so commonly with poisons, or to a combination of these 
two events. And, further, the phylogenetic age of the several cerebral 
svstems may be a factor. It would be fascinating if one could correlate 
the affection of the various regions of the cortex and the clinical types 
of diplegia with the times at which their neuroblasts were at their most 
active stage of development during foetal life, but I have sought in 
works on embryology and have not found details as to when the systems 
of cerebral neuroblasts develop. It is true that the neuroblasts which 
subsequently develop into the basal ganglia commence their growth long 
before those of the cortex, and we have a clinical type corresponding 
to this region in congenital bilateral athetosis and atrophy incident 
upon these regions, as shown by the cases of Anton and others. The 
pyramidal system is comparatively late in commencing and in attaining 
its development, and we have positive pathological evidence to show 
that it is affected at different epochs in its development in different cases. 
For example, the pyramidal tracts may be altogether undeveloped, or 
they may reach to the crus, or to the medulla, or to the cervical region 
of the cord, or they may have attained to the usual degree of maturity 
present at the time of birth, but may be degenerated. Clinical and 
pathological evidence shows that the affection falls most heavily upon 
the pyramidal system in the majority of the cases, and this major 
incidence has for many years and by great authorities been considered 
to be associated with an especial vulnerability of this system owing to its 
late period of development. But the pyramidal system has been found 
completely normal in the condition of lobar atrophic sclerosis, as in 
the cases recorded by Ganghofner and by Railton, although it may be 
argued against these results that modern methods of examination 
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were not used. Dr. Greenfield, a few weeks since, showed me a 
specimen of his in which the central region of the cortex was com- 
paratively intact, while the frontal and parietal regions were severely 
atrophied, the occipital region being also relatively unaffected. 1 
seek to explain such cases on the grounds that the cause for the 
condition was active at a time when the pyramidal and occipital 
neurons were invulnerable owing to the stage of their development, 
while the parietal and frontal neurons were affected because they 
were in a more affectable stage of their development, or alter- 
natively that there was a selective capacity on the part of the 
destroying agent for those neuronic systems that were affected. 

I would put the following conditions forward in explanation of the 
universal affection and of the various local affections of the brain which 
are found in diplegia: (1) The severity of the cause which may affect 
all the cerebral elements indiscriminately, if acting early, giving rise 
anatomically to a small primitive type of brain, destitute of neurons, 
and causing clinically a condition of idiocy with diplegia and blindness. 
(2) The time of development at which the cause is active, which may 
determine those systems which are affected and those which are spared, 
in the local atrophies of the brain. (3) The physiological selective 
capacity of the cause to affect some systems and not others. (4) A 
cause which may be temporary in its action, and which for this reason 


only picks out systems which are vulnerable at the moment. (5) A 


cause which may be continuous in its action and which results in a 
progressive diplegia. 

If my reasoning be legitimate we must class together all the clinical 
results which primary neuronic degeneration and its sequel, general or 
lobar atrophic sclerosis, produce, from microcephaly with idiocy alone, 
through the wide range of prenatal and postnatal diplegias to the 
simplest forms of paraplegic rigidity. 

The one anatomical lesion which has been found in all cases of 
diplegia since it was first pointed out by Cotard, in 1868, is disappearance 
or degeneration of the neurons of the brain. I hold that this is a 
primary degeneration of the neurons, and that it is the essential and 
primary lesion in all cases of diplegia. Arrest of development of the 
brain and of its outgoing paths is often found. This is the natural 
consequence of the foregoing neuronic lesion when this occurs during 
the earlier periods of development of the brain, and consequently it only 
occurs in prenatal cases. 

Atrophic sclerosis of the brain is the natural consequence of the 
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neuronic decay. It is more marked the earlier in life the neuronic 
decay occurs and the longer the patient has lived after the degeneration 
has been installed. In some varieties of diplegia, of which the Waren 
Tay-Sachs type is an example, no sclerosis follows the neuronic degenera- 
tion; this is perhaps due to a peculiar nature in the cause. Gross 
lesions are rarely found. In one of my cases there was a gross lesion 
of the nature of a scar in one parieto-occipital region, but the primitive 
type of brain and the general atrophic sclerosis on both sides, as well as 
the symptomatology which was strictly bilateral, showed that this gross 
lesion was an accidental accompaniment. It is under such circum- 
stances as these that all the gross lesions are found in diplegia. In this 
connection I must briefly refer to porencephaly, one of the causes of 
which is certainly embolism, for I have seen a porencephaly where the 
detailed history of the occurrence of an embolism in the course of mitral 
stenosis many years before was available. And if embolism can cause 
porencephaly then thrombosis and arterial obstruction of any kind can 
cause it also, and this is in my opinion the usual cause of porencephaly. 
But there must also be other causes, for I have seen a porencephaly in 
an adult who never at any time showed any sign of cerebral defect and 
who died of tuberculous meningitis; in this case the porencephaly must 
have arisen from a cyst formation which neither interfered with the 
cerebral elements nor caused a raising of intracranial pressure. In 
diplegia small and sometimes multiple cyst formation is found which is 
called porencephaly. I believe that these arise by the collection of fluid 
in degenerating and sclerosing tissue and are secondary to the sclerosis. 
In the few instances where large porencephaly is found in the brains of 
diplegic subjects, I think these are due to associated vascular lesions, 
as was proved by one of Freud’s cases. In the monograph upon this 
subject which I published in Brain, in 1900, I suggested that local and 
complete neuronic degeneration might cause such local atrophy as to 
leave the ependyma and pia mater in contact. The German pathologist 
who reviewed my paper for the Newrologisches Centralblatt made some 
unkind remarks about me on this score and I think he was fully justified. 
But it is interesting to find that this same suggestion has quite recently 
been brought forward afresh. I do not think that porencephaly ever 
arises from the so-called “‘ arrest of development.” 

The results of encephalitis do not for the most resemble diplegia 
sufficiently to cause confusion between the two conditions. When the 
similarity is close, the history of the acute onset with pyrexia and 
convulsions, rapidly followed by a paralysis which is most marked at 
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first and thereafter tends to lessen, should leave no room for error in 
diagnosis. 

Finally, I submit that the essential anatomical cause of diplegia is a 
primary degeneration of the cerebral neurons from causes which are at 
present elusive, with the exception of rare cases in which syphilitic 
infection of the brain is certainly the provoking agent. This con- 
ception of the pathogenesis seems to me to be compatible with all the 


pathological evidence which has hitherto been recorded, and to explain 


best the symptomatology and clinical aspects of this class of diseases. 





ON THE DISSOCIATION OF VOLUNTARY AND EMOTIONAL 
INNERVATION IN FACIAL PARESIS OF CENTRAL ORIGIN. 


BY G. H. MONRAD-KROHN, M.D. 


Professor of Medicine in the Royal Frederick University, Christiania, Norway. 


Ir has long been known that a dissociation between voluntary and 
emotional innervation exists in central facial paresis. Whilst in most 
of the modern textbooks one fails to find this dissociation mentioned, 
Gowers, in his “ Manual of Diseases of the Nervous System,” vol. ii, 
1888 (p. 72), describes how in facial paresis accompanying hemiplegia 
the smile may be equal on the two sides, although voluntary movement 
is lost on one. Gowers considered this dissociation an important point 
in the differential diagnosis from peripheral facial paresis ; he illlustrates 
his description by two photographs, but he gives no explanation of this 
dissociation. 

Obviously the supposition that the voluntary and emotional functions 
have a different anatomical substrate, will suggest itself as a likely 
explanation. It might also be assumed that an emotional stimulus is in 
itself more imperative than a voluntary. In this case the smile, which 
is an emotional movement, would be regarded as the result of a stronger 
stimulation, and the voluntary movement as the result of a weaker 
stimulation of the same nervous elements. The difference between the 
two modes of innervation would be comparable to the difference between 
a strong contraction of a muscle produced by a strong faradic stimulus, 
and a weak contraction caused by a weak faradic stimulus, both stimuli 
being applied to the same point of the motor nerve. 

In peripheral facial paresis one finds now and again a suggestion of 
the same dissociation, a spontaneous smile eliciting a slightly stronger 
contraction on the paretic side than a voluntary attempt to grin or show 
the teeth, but in peripheral facial paresis this dissociation is always very 
slight. This observation can only be explained by assuming that the 
emotional innervation is more imperative, that it represents a quantita- 
tively stronger stimulus. Otherwise such a dissociation could never 
occur with a lesion of “‘ the final common path” which is affected in 
peripheral paresis. 
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The assumption of difference in the anatomical localization of 
voluntary and emotional innervation cannot, therefore, be regarded as 
a necessary conclusion from the fact that in a central facial paresis the 
weakness is less pronounced in a smile than in voluntary movement. 

When, however, as in the following observations, it is shown that 
in central voluntary facial paresis the emotional movements not only 
remain intact, but may be accelerated and slightly exaggerated, the 
necessity of assuming an anatomically different localization of voluntary 
and emotional innervation obviously arises. The assumption of a 
normal tonic inhibiting action of the mechanism of voluntary move- 
ment on that of emotional movement is the only possible explanation 
of this acceleration and exaggeration. 

As in the cases to be described there have been no post-mortem 
verifications of the diagnoses, I have thought it necessary to give all the 
clinical facts, even such as have no direct bearing on the questions 
under discussion. In order not to make the notes too long I have 
usually recorded positive symptoms only. 


Case 1.—S. T., a man, aged 20. (No. 1115, 1922.  Rikshospitalets 
nerveavieling.) 

On March 19, 1922, the patient was hit by a rifle bullet (the Norwegian 
army rifle) at a shooting range. The bullet pierced the skull in the left parietal 
region, the point of exit being in the temporo-frontal region above the left ear 
(fig. 1.) He immediately lost consciousness and remained unconscious for 
four days. When he regained consciousness he was paralysed in both right 
limbs and could not speak. He could understand all that was said to him but 
could not comprehend written or printed language, nor could he write. 
He was able to communicate with his surroundings by means of mimicry only. 
On April 24, he was seen at the out-patient department of the neurological 
section of Rikshospitalet. The clinical condition was as follows :— 

Cranial nerves.—Doubtful hypesthesia in right trigeminal area. Voluntary 
paresis of the muscles in the inferior part of the right side of the face. The 
tongue deviated to the right on protrusion. He could not speak; he could 
understand spoken language, but not written or printed language, nor could he 
apparently understand the significance of pictures shown him. There was a 
spastic paresis of both right limbs. 

The right radial reflex was brisker than the left, but the biceps and triceps 
reflexes, as well as the knee- and ankle-jerks, were of average strength and 
equal on the two sides. The right abdominal reflex was reduced, and the right 
plantar response was of the extensor type when elicited from the lateral border of 
the sole. His gait was very difficult, just possible with assistance; he dragged 
the right foot. 

On September 16 he was again seen in the out-patient department. A 
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general improvement in all the symptoms was noted. He could now speak a 
little and write a little with his left hand. 

On September 21 he was admitted to the neurological section as an in- 
patient. On the left side of the skull (fig. 1) there was a depression (a) corre- 
sponding to the point of exit of the bullet ; it corresponded to the lower part of 
the Rolindic area. A ridge (b) could be felt running backwards from this depres- 
sion. In the left parietal region there was another depression (c) corresponding 
to the point of entry of the bullet. 

His aphasia was not nearly so pronounced as when he was first seen in the 
out-patient department, but it was still very distinct, and associated with a 
pronounced literal paraphasia. A complete psycho-somatic examination was 


Sule. Rolandi 


carried out according to the method I have described elsewhere, but as this 
was done in Norwegian, it would not, translated into English, convey an exact 
impression of the nature of the aphasia. It is sufficient to say that he failed 
in a number of phaso-phasic, audito-phasic, lexo-phasic, visuo-phasic, and 
stereognoso-phasic tests, and in the corresponding graphic tests (phaso- 
graphic, &c.). The phaso-practic tests were carried out quite satisfactorily, 
but he failed badly in the lexo-practic tests. Repetition of the words was 
deficient. Copying of writing and print, and the transcription of the latter into 
the former, were pretty good. When a book was given him upside down, he at 
once turned it round, but he could not read aloud properly. He could spell 
2Joud, and thus succeed in pronouncing short words. Monosyllables he could 
thus manage, and a few words consisting of two syllables, but all words con- 
taining three or more syllables were beyond his ability to read in this way. 
His attempts at writing to dictation did not succeed; he wrote a few letters 
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or words which had a slight resemblance only to some of the dictated words. 
His cerebration seemed otherwise normal as far as could be judged with the 
aphasic disturbance present. 


Fic. 2 (Case 1).—The patient's face Fic. 4 (Case 1).—The beginning of 
at rest. & spontaneous smile. 


Fic. 3 (Case 1).—The patient tries Fic. 5 (Case 1).—A fully developed 
to show his teeth. spontaneous smile. 


Cranial nerves.—There was a slight degree of paresis of the upper right 
facial muscles, and pronounced paresis of voluntary movement in the lower 


part of the right face. There was no weakness or asymmetry in spontaneous 
smiling. The functions of the other cranial nerves were normal. 
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There was a pronounced paresis of the right arm, the three ulnar fingers 
could not be fully extended ; all the other movements could be carried out, but 
with noticeably reduced speed and force. The right lower limb was slightly 
weak, and in walking he dragged it a little. No disturbances in sensation or 
co-ordination were observed. 

All the tendon-jerks were exaggerated on the right side, but the plantar 
responses were flexor and the abdominal reflexes were equal. 

He remained in the hospital until September 30, 1922, and has since then 
been examined from time to time in the out-patient department. His aphasic 
disturbance has shown a great deal of improvement under re-educational 
treatment. The hemiparesis has also diminished considerably, but the facial 
weakness is unaltered. On voluntary movements there is considerable paresis 
in the lower part of the right side (fig. 3, where the patient shows his teeth), 
but on emotional innervation (i.e., the spontaneous smile) the movements are 
not only as strong, but slightly greater than on the left side (figs. 4 and 5), and 
she smile starts a trifle earlier on the right than on the left side (fig. 4). 

Summary of Case 1.—A traumatic lesion of the left hemisphere 
involving the facial motor area (cortex or subcortical region) producing 
a paresis of voluntary movements, but an acceleration and exaggeration 
of the emotional movements of the right side of the face. 





Case 2.—K. F., a sailor, aged 20. (No. 1165, 1921. Rikshospitalets 
nerveavdeling.) 

The patient was always in good health until 1920, when, on February 11, 
he fell from a mast from a height of 55 to 60 ft. He immediately became 
unconscious, and remained so until the following day. 

His left arm was fractured near the elbow, and the right hand in the carpal 
region. The skull was said to be fractured on the right side in the frontal 
region. Thirty hours after the accident he was admitted to hospital in Oporto, 
where his temperature was 38° C. during the first few days. 

During the first fortnight in hospital a considerable improvement took 
place. At the end of this period he got up, but had to return to bed on account 
of headache. The headache was accompanied by fever, and both lasted, 
according to the patient, for about one month. The headache was very severe, 
and continued throughout the day. He felt as if he were “ more dead than 
alive.” There was no sickness and no vomiting. 

On March 27 he was trephined in the left temporal region. It was 
impossible to obtain exact details of the operation. After this the headache 
and fever gradually diminished and finally disappeared. Immediately after 
the operation, however, his right limbs became paretic. The paresis diminished 
slowly in the right leg and on May 15 he was just able to “ crawl out of bed.” 
The right hand developed contractures of the fingers, which, when he was sent 
home in September, 1920, were strongly flexed. In the course of the past year 
he improved a great deal. On September 21, 1921, he was admitted to my 
section of the University Hospital. 
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In the left temporal region there was a hole in the skull the size of a half- 
penny, which was evidently a trephine opening. In the right frontal region 
just in front of the coronal suture and parallel to it a shallow depression was 
felf measuring about 3 cm. X 5cm. A scar in the scalp corresponded to this 
depression. X-ray pictures of the skull showed both the trephine hole in 
the left temporal region and the shallow depression in the right frontal region. 
Cerebration was normal. 

Cranial nerves.—There was a paresis of the muscles of the lower part of 
the face on the right side on voluntary movements, but no paresis could be 
seen when the patient smiled. It was difficult to decide if there was a slight 
paresis of the muscles in the upper part of the face; when the patient was 
asked to raise his eyebrows the right half of the forehead was not wrinkled to 
the same extent as the left, but at the top of the rignt side of the forehead 
there was, as already mentioned, a sear which would in any case impair the 
contraction of the frontalis muscle. During sleep the right eye was not com- 
pletely closed, the sclera being visible through a slit about 2 mm. wide; to the 
ordinary tests the orbicularis oculi did not, however, betray any weakness. 
Nothing abnormal ‘vas discovered in the functions of the other cranial nerves, 
except perhaps a slight deviation of the palate to the left when pronouncing 
~ w 

The right upper limb was very rigid with pronounced contracture in adduc- 
tion at the shoulder, flexion and pronation at the elbow and at the wrist, and 
flexion at the metacarpo-phalangeal and inter-phalangeal joints. The con- 
tracture could be overcome by passive movements of the limb. No voluntary 
movements of the right upper limb were possible, apart from abduction at the 
shoulder-joint to approximately the horizontal position, and flexion and extension 
of the elbow-joint. The patient stated that the fingers sometimes extended 
involuntarily, but he did not say if this occurred on certain occasions only, as 
on yawning. These voluntary movements were all distinctly weak and slow. 
There was a slight atrophy of the musculature of the whole limb, most pro- 
nounced distally. The left arm could not be fully extended at the elbow on 
account of the deformity due to fracture near this joint, but it was otherwise 
normal. The right lower limb was slightly rigid and weak, especially the 
iliopsoas and the glutzi muscles. The motor functions of the trunk and of 
the left lower limb were normal. The tests for co-ordination were carried out 
satisfactorily with the left arm and both legs; the motor loss prevented them 
from being applied to the right upper limb. 

Sensory system.—He was a bad witness and the results obtained varied in 
successive examinations. On the first occasion there seemed to be a slight 


right-sided tactile hemihypesthesia, and warm stimuli were said to be warmer 
on the left than on the right side. Cold stimuli were said to be colder, and 
pin-pricks more painful, on the right than on the left side of the body. 
Vibration was felt more distinctly on the left, whilst deep pressure was more 
painful on the right side. No disturbance of the joint sense could be dis- 
covered. Stereognosis was normal in the left hand, but strongly impaired in 
the right (secondary “ symptomatic” astereognosis). 
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The biceps, triceps and radial reflexes were exaggerated on the right side 
and the right patellar and tendo Achillis jerks were brisker than the left. Both 
plantar responses were flexor, but the right epigastric reflex was diminished. 
Romberg’s sign was absent and gait was normal as far as the legs were 
concerned, but the right arm did not swing as naturally. 

He was discharged from the hospital on October 27, 1921. He was 


examined in the out-patient department on September 16, 1922, and was 
readmitted as an in-patient to my section on May 12, 1923. 

On readmission the clinical condition was practically identical with that 
found during his first admission, except that the musculature of the whole 
right upper limb was now a little more atrophic. The atrophy was not, how- 


ever, very pronounced even now, and was probably due to the inactivity of 
the limb. He was discharged on May 28, 1923, being recommended to the 
surgical section for a Stoffel’s operation to the right arm. 


Fia. 6. 


The whole time he was under observation there was a pronounced disso- 
ciation between the voluntary and emotional movements of the right side of 
his face. When asked to show his teeth there was a distinct paresis in the 
lower part of the right half of the face (fig. 6), whilst in spontaneous smiling 
there was greater movement on this side, the nasolabial fold being distinctly 
more pronounced than on the left and having an infra-oral continuation which 
was absent on the left side (fig. 8). The smile also appeared a little earlier on 
the right than on the left side (fig. 7). 

From the history it seems probable that the right hemiparesis was due to a 
cortical or subcortical lesion of the motor region in the left hemisphere, which 
was inflicted at the time of the operation on this region. 
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Summary of Case 2.—A lesion of the facial cortical centre, or of the 


fibres originating from it, produced a paresis of voluntary movements 
of the lower part of the right side of the face, combined with an 
exaggeration and acceleration of the emotional movements of the same 


distribution. 


Case 3.—P. C., a man, aged 27. (No. 5172, 1923.  Rikshospitalets 
nerveavdeling.) 

One day, some time after Christmas, 1922 (he cannot give the exact date) 
the patient fell down suddenly paralysed in both left limbs. There was no loss 
of consciousness. There has been a steady improvement in his condition since 
the onset. He acquired syphilis in 1917 or 1918. On June 28 he was 
admitted to my section. His memory was then inaccurate and he was distinetly 
demented; his arithmetical powers were very poor; he stated, for instance, 
that four sixes equal twenty-eight, and that seven times eleven amounted to 
twenty-eight too. Orientation in time and space was fairly good, and 
attention was easily obtained and kept. His emotional tone was one of marked 
indifference. 

Cranial nerves.—The muscles of the lower part of the left side of the face 
were paretic in voluntary movements, as when the patient showed his teeth. 
When made to smile spontaneously, which was most easily done by talking 
about good food (on account of his mental dullness it was very difficult to 
make him see even a fairly simple joke), the movements were distinctly 
greater and possibly a little accelerated on the left side. The platysma sign 
(Babinski) was very pronounced. There was, perhaps, also a very slight trace 
of paresis of the muscles of the upper part of the left side of the face. The 
functions of the other cranial nerves showed nothing abnormal. 

The left limbs were weak and rigid. The left arm was adducted at the 
shoulder, flexed and pronated at the elbow and wrist, and flexed at the finger- 
joints. The left leg was rigidly extended. There was no sensory loss. 

The left plantar reflex gave an extensor response of the Babinski type. 
The abdominal reflexes were much diminished, and all the deep reflexes 
exaggerated on this side. On the right side the reflexes were normal. His 
gait was typical of that of hemiplegia, the left leg being advanced by circum- 
duction and the left arm did not swing. The Wassermann reaction was 
strongly positive in the blood, but negative in the cerebrospinal fluid. This 


latter contained a slight increase in the total proteids (35 + ss +), and 


“ globulin ’’ was present (} + 1 +: Bisgaard’s method). The number of cells 
was also increased ('s- perc.mm.). He left the hospital on July 23, slightly 


improved, after a course of anti-syphilitic treatment. 

Summary of Case 3.—The lesion, probably a thrombosis, which 
caused a typical left hemiplegia, also produced a voluntary facial paresis 
of the left lower part of the face, accompanied by an exaggeration of 
the emotional movements of the same area. 
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The photographs of the facial disturbance in this case are omitted, 


as they are unfortunately not so distinct and convincing as those of the 


other cases. 


Case 4.—C. T., a man, aged 28. (No. 3247, 1922. Rikshospitalets 
nerveavdeling.) 

His present illness began in 1917. He can give no exact account of the 
initial symptoms. He spent the next summer in hospital. There was appar- 
ently then already a trace of left hemiparesis, with a left extensor plantar reflex. 
After leaving hospital he again took up work as a knife-grinder and continued 
at it till Christmas, 1921, when he had to give up on account of increasing 
weakness in both left limbs. His wife noticed that since his discharge from 
hospital in 1917 he had been dul and forgetful, and he had complained of 
constipation and headache. He could only give a very inacurate history of 
his illness. On admission to my section, on February 21, 1922, he did not 
betray, apart from apparent loss of memory, any mental disorder. The clinical 
findings were then as follows: 

Cranial nerves-—The left pupil was a trifle larger than the right, but both 
reacted to light and accommodation. There was a dimiimution of sensation on 
the left side of the face ; on re-examination on February 24 a right hypxsthesia 
was found, but on subsequent examinations there was a reduction of sensibility 
on the left side as on admission. When the patient raised his eyebrows the 
forehead was not wrinkled quite as much on the left side as on the right, but 
the difference between the two sides was very slight. When he showed his teeth 
the left corner of the mouth did not move as far out as the right (paresis of the 
left buecinator muscle), nor did the levator and the depressor anguli oris con- 
tract so well on the left as on the right side (fig. 9). During speech the right 
half of the face moved more than the left. When, however, the patient smiled 
spontaneously the left half of the face moved a trifle more than the right 
(fig, 10), and when he was made to exert power by pulling his right hand away 
from the observer, a pronounced automatic synkinetic movement was seen in 
the left side of his face, but not in the right. Otherwise the functions of the 
cranial nerves were normal. 

Both left limbs were paretic, rigid and the seat of typical hemiplegic contrac- 
ture, being adducted at the shoulder-joint, flexed and pronated at elbow and 
wrist, flexed at finger-joints and extended at the knee-joint. There was also a 
faint suggestion of atrophy of the left limbs. 

The co-ordination of the movements of the right limbs was normal: the 
finger-nose test could not be carried out with the left hand on account of the 
paresis. The heel-knee test was executed very inaccurately with the left foot. 

There was a hypxsthesia on the left side for all qualities of sensation. 

The radial, biceps and patellar reflexes were exaggerated on the left side, 
and the left plantar reflex was of the extensor type. The Achilles jerk and 
the abdominal reflexes could not be obtained. 
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His gait was typical of hemiplegia; the left arm was kept practically 
immobile in the position of contracture described above and the left leg was 


circumducted. 

During his stay in the hospital the condition remained practically un- 
changed. On repeated examinations the pupillary reactions to light were 
found to be a little sluggish, but the reactions to accommodation were brisk 
(incomplete Argyll Robertson pupils). The cerebrospinal fluid contained 
cells per c.mm., and a slightly increased amount of total proteids 
(ss + 355 +: Bisgaard’s method). The Wassermann reaction was negative 


both in the blood and cerebrospinal fluid. He was discharged on April 20, 1922. 


rad 


Fic. 9 (Case 4). — The patient Fic. 10 (Case 4). — The patient 
shows his teeth (reproduction from smiles at a joke (reproduction from 
kinematographic film). kinematographic film). 


On May 15, 1923, he was admitted to the Municipal Hospital of Christiania, 
and by the courtesy of the physician-in-chief, Dr. O. Scheel, the clinical notes 
made there were put at my disposal. The condition was practically the same 
as when he was under my care. There was the same paresis of the lower 
part of the left half of the face on voluntary movements, as in showing his 
teeth, and the same excess of movement of the left half of his face on 
smiling. 

Summary.—A lesion of the right hemisphere (possibly a tumour, 
though there was no optic neuritis ; possibly sclerosis multiplex or lues 
cerebri) had caused, in addition to a typical left hemiplegia, a similar 
dissociation between volitional and emotional innervation of the left 
side of the face as in the previous three cases. 
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The following case forms a contrast to those already recorded, 


inasmuch as a distinct right-sided facial paresis was present when the 


patient smiled spontaneously, but there was no asymmetry when he 
showed his teeth. 


Case 5.—J. 8. L., a man, aged 27 (No. 4488, 1922, Rikshospitalets nerve- 
avdeling), was taken ill in March, 1920, with diplopia, unilateral ptosis, severe 
headache, pronounced drowsiness and a rise of temperature (38°5 C.). He 
improved and worked at an electrical timber-saw for a whole year; then he 
had to give up on account of tremor which he could not control in the left 
hand and arm and later also in the left leg. This tremor had increased and 
impeded the movements of the left arm so much that latterly he had not been 
able to lift a spoon up to his mouth without spilling its contents. On May 15 
he was admitted to my section. The clinical condition was as follows: 

Cranial nerves.—The face was masklike and expressionless; the facial 
movements, like all his movements, were very slow. When he smiled 
spontaneously there was a distinct paresis on the left side (fig. 12). but 


F1G. 11 (Case 5).—The patient Fic. 12 (Case 5).—The patient 
shows his teeth (reproduction smiles at a joke (reproduction 
from kinematographic film). from kinematographic film). 


voluntary movements were symmetrical (fig. 11). There was some tremor and 
possibly slight atrophy of the tongue. The functions of the other cranial 
nerves were normal. 

There was considerable rigidity of both left limbs, and all their movements 
were very slow. When the patient sat on a chair, a coarse tremor of the 
whole left lower limb was noticed. The left hand was continually in a 
position of slight flexion at the wrist-joint. When he rose from the recumbent 
to the sitting position, the legs were lifted a little from the bed- 

The tests for co-ordination were carried out very slowly with the left limbs, 
but the accuracy was not impaired. Sensation was normal. 

The arm-jerks were rather feeble, the knee and ankle jerks were brisk and 
equal, the abdominal reflexes were very brisk, but equal on the two sides. 


> 


BRAIN —VOL XLVI. 3 





34 ORIGINAL ARTICLES AND CLINICAL CASES 


An extensor response could be obtained from the outer margin of the left foot, 
but otherwise the plantar reflexes were normal. 

Gait was clumsy; the trunk was kept stiff and the left arm was not moved 

at all. Sometimes a slight propulsion was noticed. The legs were not fully 
extended at the knees. Romberg’s sign was not present. 
' During his stay in the hospital the most predominant feature was the 
extreme slowness of all movements (bradykinesis), chiefly of the left limbs, and 
a constant coarse tremor of the entire left lower limb while at rest. There 
was copious salivation and rhythmic contractions of the facial muscles on the 
right side. His attitude resembled the Parkinsonian posture to a great extent. 
The hands were continually kept in the same position, as if he were holding a 
pencil or a penholder. 

He was given scopolamine injections and improved considerably under this 
treatment. That the improvement was due to this treatment was clearly 
shown by the immediate exacerbation of all the symptoms which followed two 
interruptions of it. From time to time he complained of pains in the left arm. 
Once he was seen to slide over suddenly to the right and would no doubt have 
fallen had it not been for my assistant, who caught him. He was discharged 
on December 4. 

There can be little doubt that the case was one of the post- 
encephalitic Parkinsonian state. The manifestations were most 
pronounced in the left limbs, the rigidity being greatest in the left upper 
limb. There is, therefore, a certain probability of a lesion in the right 
lenticular nucleus (the pallidal system). It must be remembered that 
the clinical picture presented features which also pointed to lesions 
outside the right lenticular nucleus, as the inverted plantar reflex on the 
left side, though the deep reflexes were rather feeble in the upper limbs, 
whilst the abdominal reflexes were brisk, contrary to what is found with 
simple pyramidal lesions. [hythmuical contractions were noted in the 
right facial muscles and some slowness of movement in the right limbs. 

It was not possible to decide whether the pains in the left arm, of 
which he complained on several occasions, should be regarded as a 
symptom of a thalamic lesion on the same side. There was, however, 
no sensory loss. Although the lesion was not confined to the right 
lenticular nucleus, one is probably justified in believing that a lesion 
here was responsible for the dissociation of facial movement observed. 


SUMMARY. 


In four cases of central facial paresis I found an acceleration and 
exaggeration of emotional movements of the face combined with 
voluntary paresis of the same distribution. This can be, in my opinion, 
only regarded as a “phénoméne de libération.” It suggests that the 
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emotional motor apparatus is distinct from the voluntary motor 
apparatus, and that the former is normally subjected to a continuous 
inhibition by the voluntary motor centres, probably exerted through the 
pyramidal fibres. 

The last case, which will probably be regarded by most neurologists 
as a case of lenticular (pallidal) lesion, shows a dissociation opposite in 
form to that usually seen in pyramidal facial paresis. This supports 
the belief that the lenticular nucleus (probably its pallidal part) contains 
the motor centre for emotional innervation, the thalamus probably 


being the corresponding sensory centre in the emotional reflex arc. 


ADDENDUM. 


Ali the illustrations accompanying this article (except the diagram fig. 1), 
are reproductions from kinematographic films, which show the dissociation 
described better than the illustrations here reproduced. The acceleration 
of the emotional movements can be particularly clearly seen when the film is 


run at a greatly reduced speed 





THE PATHOLOGICAL ANATOMY OF DISSEMINATED 
SCLEROSIS. 
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Assistant Physician for Nervous Diseases, Guy’s Hospital. 
(From the Wards of Guy’s Hospital, and the Pathological Laboratories of Guy's Hospital and 
Lambeth Infirmary.) 


THE exact nature and distribution of the cellular changes which 
occur in disseminated sclerosis have for many years been a subject for 
controversy. During the past decade accumulated material and new 
staining methods have led to the production of at least three mono- 
graphs upon the subject (Siemerling and Raecke [5], Dawson [1], and 
Hassin [3]), in addition to scattered papers and references. Yet there 
remain points both of observation and interpretation upon which opinion 
differs widely. 

In 1914, Siemerling and Raecke | 5], as the result of detailed histo- 
logical examination of eight cases, concluded that the destruction of 
nervous tissue, in its earliest stages, was closely related to changes in 
and around the small vessels, viz.: dilatation and congestion, capillary 
hemorrhages, and perivascular infiltration with lymphocytes and plasma 
cells. They noted that such changes were not present in all the foci 
examined, nor when they did occur were they uniformly distributed 
throughout the focus. They laid stress upon the presence of plasma 
cells in particular as being evidence of a true inflammatory process. 
They also found that the foci of disease, especially within the brain, 
were grouped around the terminal branches of the blood-vessels. 

On these grounds they concluded that the disease was infective or 
toxic in origin, and that the virus or toxin was conveyed to the nervous 
tissues through the blood-vessels and there set up an inflammatory 
reaction with destruction of nerve elements and secondary overgrowth 
of neuroglia. 

Dawson [1], in 1916, published the results of a complete histological 
examination of nine cases. 

His conclusions in one point are in complete agreement with those. 
of Siemerling and Raecke. He found in all his cases that the foci of 
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degeneration were frequently related to the distribution of the blood- 
vessels, both in the brain, around the ventricles, and in the spinal cord. 
In the latter situation the foci were as a rule either (1) wedge-shaped, 
as seen in a transverse section, with the base at the periphery, corre- 
sponding with the course and distribution of the main vessels which 
penetrate the spinal cord in this direction; or (2) roughly circular in 
transverse sections, and ovoid in longitudinal sections of the cord, 
corresponding with the distribution of the terminal branches of these 
vessels which run upwards and downwards in the longitudinal plane. 

The areas of periventricular sclerosis were as a rule so dense that 
the relation of foci to individual vessels could hardly be discerned. 
3ut in some cases subependymal venules were definitely surrounded by 
zones of denser sclerosis. It was noteworthy that the ependyma itself 
showed no pathological alterations. 

In the brain the relation of each small focus to a central vessel was 


as a rule obvious. 

He also points out that the remarkable symmetry with which the 
lesions in this disease are as a rule distributed on either side of the 
central longitudinal axis of the brain-stem and spinal cord, is most easily 
explained by assuming that the virus or toxin is distributed through the 


blood-vessels. 

In one important point, however, Dawson’s observations and con- 
clusions are directly at variance with those of Siemerling and Raecke. 
In none of his cases was he able to find any perivascular infiltration 
with lymphocytes or plasma ceils. (“I have never seen any marked 
grouping of small round cells analogous to the so-called ‘ round cell 
infiltrations.’ ’’) 

He considers that the earliest stage in the formation of a sclerotic 
focus is a subacute degeneration of the myelin sheaths. In response to 
the presence of the fatty products of this degeneration numbers of 
mononuclear phagocytes are developed both from the glia cells and the 
vascular endothelium, and these taking up the fatty droplets become the 
“ fat-granule cells,’ which make their way towards the small vessels 
around which they are grouped in dense clusters. 

“ At the stage of abundant fat-granule cell formation, when these 
cell elements are passing into the lymph spaces of the adventitia, every 
vessel in the affected zone is marked out by a ring or rings of such cells. 
If such an area, with fat-granule cells crowding the vessel sheaths and 
tissue spaces, be looked at with low power, and especially in celloidin 
sections where it is more difficult to analyse the constituent elements, 
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the impression is given of a softened area with cell-infiltrated walls. 
The possibility that areas at such a stage of development have been 
taken as illustrating cell-infiltrated areas may explain the great signifi- 
cance that has been ascribed to the vessels and to the inflammatory 
nature of the process.”’ In the later stages, Dawson maintains that the 
cell bodies of the fat-granule cells disappear in situ, leaving deeply 
stained crenated nuclei, and that the adventitial lymph spaces now 
become filled to a certain extent by a cell-infiltration of another kind— 
these are the “small round lymphocyte-like cells common to all chronic 
processes,” 

According to Dawson therefore, the first cell-infiltration of the 
vessel walls is one of fat-granule cells in the adventitial lymph spaces. 
Such may be seen in any degenerative lesion of the central nervous 
system, for instance a thrombotic softening, and must be considered 
rather as a secondary reaction to the products of decay than as a true 
primary inflammation. 

He concludes that disseminated sclerosis is a subacute disseminated 
myelitis, probably due to a soluble toxin which is conveyed to the tissues 
through the blood-vessels, and he distinguishes from this the disease 
known as acute disseminated myelo-encephalitis, cases of which have 
been from time to time reported as acute multiple sclerosis. 

Lejonne and Lhermitte [4] had in 1910 expressed the opposite 
view, that there is no essential difference between the two diseases. 

Dudgeon and Birley [2] more recently have reported the results of 
an investigation into the pathogenesis of disseminated sclerosis which 
included the examination of the tissues from two fatal cases. Their 
histological investigations were admittedly incomplete, and_ their 
material has unfortunately been lost (personal communication from 
Professor Dudgeon). In one of their cases, however, they report that 
“the most conspicuous feature of the sections was the well-marked 
perivascular infiltration with round cells and endothelial cells, similar to 
that met with in cases of encephalitis lethargica, although perhaps not 
quite so intense.” 

Weizsiicker [9] has recorded definite perivascular infiltration with 
small cells in a case which he reports as an unusually acute example 
of multiple sclerosis. But the clinical data upon which he bases his 
diagnosis are insecure. The patient, aged 57, had been treated for the 
primary and secondary manifestations of syphilis at the age of 17. At 
the age of 49 he had transient diplopia. No further symptoms of 
nervous disease occurred until the commencement of the fatal illness, 
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which lasted only ten days. The main symptoms of this were headache, 
fever, diplopia, hiccough, muscular rigidity and mask-like facies. The 
cerebrospinal fluid contained 20 lymphocytes per cubic millimetre. The 
Wassermann reactions in the blood and fluid were negative. Post- 
mortem several old sclerotic foci were found in the brain-stem, in addition 
to the widespread perivascular changes. 

The author himself admits the possibility that the terminal illness 
in this case may have been encephalitis lethargica, and that the sclerotic 
foci may have been due to a process of different pathology (disseminated 
sclerosis, or perhaps disseminated syphilis). 

As a result of a discussion organized by the Association for Research 
in Nervous and Mental Diseases in the United States of America, 
several important papers upon the pathology of disseminated sclerosis 
have recently been published in that country. These have been re-edited 
in the form of a monograph with full reports of the discussion. 

The chief contribution to the histological study of the disease is by 
Hassin [3], who presents a review of the changes which he has found in 
material from thirteen cases. 

He concludes that the primary change is a degeneration of the 
myelin sheaths and that all the subsequent reactive phenomena, forma- 
tion of fat-granule cells, and overgrowth of glia cells and fibrils, are 
purely secondary, the histological picture being exactly comparable 
with that seen in the secondary degeneration following, for instance, a 
vascular lesion of the internal capsule. As to the perivascular infiltra- 
tion, he believed that this consists entirely of fat-granule cells. ‘* Such 
infiltrated blood-vessels suggest at first glance an inflammatory condi- 
tion as if the infiltration consists of lymphocytes, plasma cells and 
similar hematogenous elements. Such an error can easily be corrected 
by having the specimens stained with osmic acid or scarlet red which 
will show that the infiltrating cells are fat-granule bodies.” 

He further states that the patches * 
torial areas in relation to the arterioles, the venules and the perivascular 
lymph drainage.” In support of this latter contention he erroneously 


‘are not representative of terri- 


quotes Dawson as having studied small foci of sclerosis serially through- 
that they do not coincide 


ce 


out their whole extent with the conclusion 
with the vascular areas at all.”’ 

In point of fact Dawson [1] (p. 614 of his paper) writes: “‘ The dis- 
position of the areas in relation to the blood-vessels has led to the 
supposition that these play an important rdle in the genesis of the 
areas. This topographical relation is frequently obvious even macro- 
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scopically, especially in areas in the cerebral white matter, and numerous 
illustrations point to its microscopic proof’’; and on p.619, “In the 
course of this study several small areas have been followed up, serially, 
throughout their whole extent, and I have come to the conviction that 
the changes appear within, but do not coincide with, the area of dis- 
tribution of the arteries, and that it must be extremely difficult to 
determine the territory of an artery.” 

In the discussion upon his paper Hassin [3] amplifies his view that 
disseminated sclerosis is primarily a degenerative process, and deduces 
from the complete absence of inflammatory phenomena that the cause 
is certainly not an organism. He disposes of all arguments to the 
contrary by the simple statement that “ those cases of multiple sclerosis 
that have been described by many very good pathologists as containing 
or showing inflammatory phenomena have not been cases of multiple 
sclerosis at all.” 

Spiller [6] in the course of the same discussion showed sections 
from disseminated sclerosis and concluded, in opposition to the pre- 
ceding statements by Hassin, that the foci are in many cases demon- 
strably related to the areas of vascular supply. He also states his 
belief that there are cases of multiple sclerosis which are not entirely 


degenerative, but show evidence of inflammation in the form of peri- 


vascular lymphocytic infiltration. 

From the above summary of the recent literature upon the subject 
it is clear that any attempt to demonstrate the existence of true inflam- 
matory, perivascular infiltration in a case of disseminated sclerosis must 
encounter two possible objections: first, that the case is not one of 
disseminated sclerosis; second, that the perivascular infiltration consists 
of fat-granule cells and not of lymphocytes and plasma cells. 

In clinical practice the best criterion of disseminated sclerosis is dis- 
semination of the lesions both in space, within the central nervous 
system, and in time. The disease is characterized clinically by the 
symptoms of scattered lesions, with marked remission and relapses; 
anatomically by the coexistence post mortem of multiple foci in various 
stages of degeneration. 

That a ring of cells around a vessel consists of lymphocytes and not 
of fat-laden phagocytes can be proved only by careful microscopic 
examination, and especially, as Dawson and Hassin have emphasized, 
by demonstrating the absence of fatty granules within these cells when 
the sections are stained with osmic acid or Scharlach R. 

In the following instance I believe that both objections have been 
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answered and that the case may therefore be accepted as an example 
of disseminated sclerosis in which true inflammatory changes have been 


shown to be present. 


CLINICAL HISTORY. 


Mrs. H. M., aged 38, was admitted to Guy’s Hospital under the care of 
Dr. Hurst, on February 15, 1921, for weakness of the left side, difficulty in 
swallowing and speaking, and drooping of the left upper eyelid. 

The family history showed that one of her sisters had suffered from a 
mental disorder and that a brother had been treated for ~ neuritis.’””’ The 
personal history was uneventful up to the commencement of the present 
illness. Menstruation had always been regular, but there had been no children 
nor any miscarriages. She had suffered since childhood from occasional 
“bilious attacks’ associated with headache, which as a rule coincided with 
the menses. 

The present illness began insidiously in February, 1920, when she com- 
plained of “pins and needles’’ in the right hand together with a sense of 
uselessness and weakness, so that she became unable to write. About the 
same time she experienced a sensation as of a band compressing the right arm 
below the elbow, and also of a tight feeling’’ round the waist. Subsequently 
there were sensations of © pins and needles’ and some weakness in the left 
lower limb. After a month or two these symptoms began to clear away, and 
by August, 19:0, she had practically recovered the use of her right hand and 
was able to write. There remained, however, a trace of weakness both here 
and in the left leg. 

In April of the same year, 1920, after some preliminary aching in the left 
eye she found that the left upper lid was drooping and obscuring her vision. 
Two months later this disability had begun to clear up and had practically dis- 
appeared by October. In December the weakness of the right arm recurred 
and soon after this her speech became incoherent. Subsequently the left 
lower limb was again severely affected, her gait became unsteady, and she was 
obliged to take to her bed. She now regained power in the right arm, but the 
left arm became weak. Ten days before her admission to Guy’s Hospital left 
facial weakness and dysphagia developed. 

On admission (February 15, 1921) the patient was observed to lie perfectly 


quiet in bed with her eyes closed. Her only spontaneous complaint was of 


constant and severe headache. She appeared to be quite sensible and under- 
stood everything that was said to her. Speech was slow and indistinct, but 
there was no aphasia. 

Visual acuity was not tested. The visual fields appeared normal to rough 
tests. The temporal margin of the right optic dise appeared pale. Hearing 
was noted as being somewhat impaired on the left, with a positive Rinne’s 
test. 

The pupils were equal and dilated. They both reacted to light, but did 
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not contract well in accommodation. On the left there was ptosis and com- 
plete paralysis of all movements of the left eye. Outward movement of the 
right eye was also weak. The functions of the fifth nerves were not affected. 
The left side of the face was completely paralysed. The palate moved well, 
but marked dysphagia necessitated tube feeding. The tongue was protruded 
to the left. 

No objective sensory defect was observed. Both arms were weak and 
incoordinate, especially the left. The lower limbs showed weakness, especially 
in movements of flexion, and the left was slightly spastic. 

All tendon jerks were present, those of the left arm and leg being brisker 
than on the right. Of the abdominal reflexes the right epigastric only was 
obtained. The left plantar response was extensor, the right indefinite. 

Sphincter control was not impaired. 

During the next few days the condition grew rapidly worse. The patient 
became drowsy, her speech was unintelligible, and she lost control of her 
sphineters. On February 25 she could be roused only with difficulty, and was 
then unable to move either side of her face or put out her tongue on request. 
She remained in this condition, stuporous and incontinent, for the next three 
weeks. She then became gradually more alert, her speech was again intelli- 
gible, and she began to recover the movements of her face, eyes and tongue. 
At the same time dysphagia became less troublesome. 

A new symptom which now appeared and of which she constantly 
complained, was pain in the teft arm. This was of an aching nature radiating 
downward from the shoulder. 

On March 21 she was able to speak quite clearly, could swallow her food, 
was no longer incontinent, and had recovered the use of all ber cranial nerves, 
except for some weakness of the lower part of the left face. She still com- 
plained of severe pain in the left shoulder. An X-ray plate taken at this time 
revealed no abnormality of the left shoulder-joint. In the course of the next 
week the pain in the shoulder disappeared, but a similar pain appeared in the 
left elbow. in neither case was there any limitation of movement or swelling 
of the joint, but the patient could not bear to have the limb handled on account 
of the pain. 

In the first week in April the elbow pain began to diminish and from this 
time onward general improvement was continuous. By the end of the month 
she was able to walk unsupported. 

She was discharged to her home on May 12 in relatively good health, the 
only disability noted being weakness of the left arm. The reflexes remained 
as they had been on admission. 

It will be seen from the temperature chart (fig. 1) that from the time of 
admission up till March 23 there was low intermittent pyrexia. No cause for 
the fever could be discovered other than the primary disease. There were no 
signs of infection of the respiratory tract. The urine was frequently examined, 
but showed no more than a few pus cells under the microscope. Cultivation 
of a catheter specimen gave a growth of Staphylococcus albus only, which was 
considered to be due to contamination, 
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Lumbar puncture was performed on March 15. The cerebrospinal fluid 
was clear. The Wassermann reaction was negative. Unfortunately the cell 
and protein contents were not examined. 

The patient was re-admitted on December 17, 1921. The history given by 
her relatives was that she had remained perfectly well throughout the summer, 
but in the late autumn began to “ feel funny” again. She complained of a 
sensation as of steel bands around her waist and of “ pins and needles” in 
her arms, legs, and scalp. She became gradually worse, swallowing became 
difticult, and fluids were returned through the nose. The left side of the face 
became paralysed, and ten days before admission she lost her voice. 

On admission she was stuporose and anarthric. Dysphagia was trouble- 
some, but she was able to take fluids from a spoon. There was complete 
incontinence of urine and feces. Nystagmus was present, the left side of the 
face appeared to be paralysed, and the tongue was protruded to the left. The 
abdominal reflexes were absent. Both plantar reflexes were extensor and the 
tendon jerks were brisk on both sides. 

The urine had a specific gravity of 1044 and reduced Fehling’s solution. 
The temperature was normal, the pulse 88. 

On January 4, 1922, the temperature rose to 103”, signs of broncho- 


pneumonia developed, and the patient died on January 13. 
The autopsy was performed six hours after death, the weather being cold. 


There was extensive broncho-pneumonic consolidation in both lungs, but, 
apart from this, no gross abnormalities were observed. 


The brain and cord presented no unusual features to the naked eye. After 
removal they were placed entire in 10 per cent. formalin. 

After hardening, the brain-stem and cerebellum were detached by a coronal 
section through the anterior corpora quadrigemina. 

The cerebral hemispheres were then cut horizontally into slabs of 2 to 3 em. 
in thickness. On examination of the cut surfaces a number of minute grey 
or pinkish grey areas were visible to the naked eye, scattered about the white 
substance. The size of these areas varied from that of a pin’s head to one or 
two patches of about half a centimetre in diameter. Their distribution was 
irregular, but they were most thickly clustered about the borders of the lateral 
and third ventricles. 

The spinal cord after hardening was first cut into segments each about 
1 cm. long, and the cut surfaces examined with a hand lens. Those pieces 
which showed no trace of degeneration upon either surface were again divided 
into two and the surfaces inspected. 

By this means patches of degeneration were discovered in the following 
situations :- 

Fifth cervical segment: A small patch in the centre of the posterior 
columns. Second dorsal segment: A small patch in the centre of the posterior 
columns. Fourth dorsal segment: A small patch in the centre of the 
posterior columns. 
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Each of these patches is a discrete area unconnected with the others. 
Eighth dorsal segment: A large patch in the left lateral column. Ninth 
dorsal segment: A small patch in the centre of the posterior columns. 


MICROSCOPIC EXAMINATION. 


(1) The brain.—Numerous sections were made through the cortex, white 
matter and grey substance of the cerebrum and cerebellum. Neither in the 
cerebellum nor in the basal ganglia of the cerebrum were any areas of 
degeneration discovered. 


Fic. 2.—Dilated blood-vesse] surrounded with fat-granule cells. Focus in right centrum 
ovale. Paraffin section, stained with hematoxylin and eosin. Compare and contrast with 
fig. 3. 


Sections cut through many of the patches scattered about the cerebral 
white matter showed in all cases the following abnormalities: In the centre 
of the area are one or more dilated and engorged blood-vessels, containing 
clusters of mononuclear cells in their adventitial sheaths. These cells appear 
to be in part lymphocytes and plasma cells, but mainly globular cells packed 
with fat granules. Occasionally the lumen of one of these vessels is filled with 
a thrombus. 

Around the central group of vessels is a more or less circular area, packed 
with globular fat-containing cells and giant glia cells (astrocytes). Narrow 
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strands of densely staining glia fibrils course interlacing between the fat 
cells. The vessels throughout the area are dilated and contain fat cells 
and lymphocytes in their adventitial sheaths. At the margins of the affected 
area is a transition zone in which degeneration of the myelin and its absorp- 
tion by fat cells is in progress. Beyond this again is a zone of relatively 
normal tissue which, however, contains numerous giant glia cells of moderate 
size. 

The following instance will serve to illustrate the details of these appear- 
ances and the staining methods employed :— 

Patch in left centrum ovale about 3 mm. in diameter. The piece of 
material containing this patch was divided into two parts,, so that each con- 
tained half of the affected area. One half was cut with the freezing microtome, 
the other embedded in paraffin. 

Frozen sections stained with hematoxylin and Scharlach R. show the 
centre of the patch to be occupied by a dense cluster of fat-granule cells. 

At the periphery of this zone myelin sheaths are seen in every stage of 
degeneration, from irregular swelling to complete fragmentation. The paraffin 
sections stained with hematoxylin and van Giesen’s stain show the presence 
of numerous giant glia cells, especially in the periphery of the area. 

Frozen sections stained with Victoria blue for neuroglia show dense strands 
of glia fibrils interlacing between the fat-granule cells. Fibrils in process of 
formation by the giant glia cells are also seen in abundance in the peripheral 
zone of the patch. 

Coronal sections cut across the posterior horns of both lateral ventricles 
show that the degenerative process is especially widespread in this part. The 
general microscopic appearances are those already described, with the excep- 
tion that the process appears to have advanced further and there are therefore 
fewer fat cells and denser thickets of glia fibrils. It is noteworthy that the 
areas of most advanced sclerosis do not extend to the ependymal lining, but 
are separated from it by a zone of apparently normal tissues. 

There is one comparatively recent area of degeneration which in the section 
appears as a cylindrical zone surrounding a partly thrombosed vein, with its 
long axis at right angles to the wall of the ventricle. This patch of 
degeneration does not appear to extend as far as the ependyma. 

The optic nerves and chiasma.—Sections were cut longitudinally through 
both optic nerves, and transversely in the coronal plane through the optic 
chiasma and stained by the Kulschitsky-Pal method. 

The sections of the optic nerves show no gross abnormality. Those of the 
chiasma show a single patch of degeneration which appears as a circular 
notch in the upper margin of the right half of the section. 

Under the microscope the carmine counterstain shows in this demyelinated 
area a great increase of nuclear elements. Several small vessels have peri- 
vascular cuffing, and one or two of these lie within the zone of normally 


myelinated fibres. 
The brain-stem was cut into serial slabs 5 mm. thick, which were examined 


by various staining methods. 
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All sections from midbrain to medulla show numerous areas of degenera- 
tion which appear roughly circular in the transverse sections, are frequently 
symmetrically disposed in relation to the mid-sagittal plane, and are most 
thickly clustered beneath the floor of the aqueduct of Sylvius and the fourth 
ventricle. 

In general the microscopic appearances resemble those already described 
in the brain. In the centre of each area there is dilatation, engorgement and 
thrombosis of blood-vessels, and collections of mononuclear cells in their 
sheaths. The middle zone is packed with fat-granule cells, and at the 
periphery there are myelin sheaths in process of fragmentation and degenera- 
tion. In these sections the new formation of glia fibrils is more marked than 
in the cerebral patches, and the giant glia cells are fewer. 

The vascular and perivascular changes are especially well marked in the 
upper part of the midbrain and in the lower part of the pons. The extreme 
degree of vascular engorgement extending into the capillaries, and the peri- 
vascular cuffing with lymphocytes and plasma cells, form a picture closely 
resembling that seen in cases of encephalitis lethargica. Changes of this type 
were observed both in the midst of large areas of degeneration, and in areas 
in which the nerve elements showed little change. 

The method of staining some sections with osmic acid and counterstaining 


with carmine was employed to exclude the possibility in this case of falling 
into the error, pointed out by Dawson [1] and Hassin [3], of mistaking a 


cuff of fat-granule cells for one af lymphocytes. 

The following accounts of three blocks of the series illustrate the details of 
observation, and the methods employed :— 

(1) Transverse section through the upper part of midbrain and subthalamic 
region ; embedded in paraffin, and stained with haematoxylin and eosin. 

Viewed with the naked eye against a white background the section shows 
a number of discrete patches varying from 1 to 4 mm. in diameter, which 
stain more lightly than the surrounding tissue. These patches are more or less 
symmetrically disposed around the aqueductus Sylvii and upon the lateral aspect 
of the red nuclei, along which they form a chain of roughly circular plaques. In 
the centre of several of these plaques a dilated blood-vessel is apparent even 
to the naked eye. Besides these patches in the tegmentum there is a diffuse 
area of lightly stained substance in the mesial part of the right pyramid. 
Under a low power (14 in.) the affected patches stand out very distinctly from 
the surrounding tissue. Inthe centre of each patch is seen a dilated blood-vessel 
(apparently a venule), with a distended perivascular sheath containing a layer 
of cellular elements ; outside this the tissue is pale and vacuolated, becoming 
denser at the margin of the affected area, the transition to normal tissue being 
marked by an increase in nuclei. 

Under higher magnification the nature of the cell elements in the patch 
appears to be as follows: The small cells (as a rule a single layer) surrounding 
the central vessel are lymphocytes. The intermediate pale zone consists of 
masses of large vacuolated cells with small irregularly shaped nuclei, obviously 
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fat-granule cells ; interspersed with these are large amorphous cells with lightly 
staining nuclei which are giant glia cells. The peripheral zone of the patch 
being poorer in fat-granule cells and richer in large glia cells, contains a 
relatively large number of nuclei. 

In several areas there are visible with the lowest magnification small 
vessels (venules) surrounded by a “ cuff” several layers in thickness of small 
round nuclei. Three such vessels are especially conspicuous. One is situated 
more or less centrally in a patch near the aqueduct of Sylvius, which, from the 
relative density of its glial elements and scarcity of fat-granule cells, appears 
to be in the cicatricial stage. 


Fic. 3.—Perivascular infiltration with lymphocytes. Focus in midbrain. Paraffin 


_. ees 


section, stained with hematoxylin and eosin. Compare and contrast with fig. 2. 


The other two vessels, however, which exhibit a greater degree of peri- 
vascular cuffing, are situated upon the borders between degenerated and normal 
tissue. Examination of one of these vessels under higher magnification shows 
in the lumen a semi-organized clot. The thickness and number of nuclei 
in the endothelial lining are increased. Around this, closely encircling the 
vessel and apparently within its adventitial sheath, is a mass of densely packed 
nuclei. The depth of this perivascular cuff varies from 7 to 4 nuclei (fig. 3). 
The great majority of these nuclei are spherical, and stain darkly and evenly 
with haematoxylin. Some are ovoid and show an intranuclear reticulum 
after the fashion of plasma cells. 
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In the immediate neighbourhood of this vessel there is an increase of 
nuclear elements, and the ground substance is less deeply stained than usual, 
but there is no appearance of vacuolation such as is seen in the other diseased 
areas described above. 

This perivascular cuffing in the midst of nerve elements and glia, showing 
little or no change, appears to represent the earliest stage of an acute 
inflammatory lesion. The appearances are exactly similar to those which may 
be seen in a fatal case of encephalitis lethargica. 

(2) Transverse section through upper part of pons just below the decussa- 
tion of the fourth nerve, stained by Busch’s modification of the Marchi method, 
and counterstained with carmine. 


Fic. 4. —Vessels surrounded with fat-granule cells. Focus in pons. Celloidin section, 
stained by Busch modification of Marchi method. Counterstained with carmine. Contrast 
with the vessel shown in a drawing (Plate, fig. 1) of another part of the same section. 


Examination with the naked eye shows scattered about the section areas 
heavily stained with osmic acid. These are grouped mainly round the floor of 


the Sylvian aqueduct, and are remarkably symmetrical in their distribution. 
There is an additional large patch in the right crusta. 

Under the low power of the microscope (14 in.) it is evident that, in addi- 
tion to the larger patches visible to the naked eye, the section is studded with 
numerous minute areas in all stages of activity. The perivascular arrangement 
of these patches is most striking. It is most clearly seen in the smallest areas 


BRAIN—VOL. XLVII. 















































kK 


50 ORIGINAL ARTICLES AND CLINICAL CASES 


in which the centre is occupied by a thin-walled vessel (venule) surrounded 
with a thick cuff of lymphocytes; around this again appears a narrow zone in 
which the nuclear elements are clearly increased above the normal, and this 


again shades into normal tissue. In such an area there is often to be seen no 


trace of fatty degeneration as shown by the osmic stain. (Plate, fig. 1.) 

At the other extreme are areas, usually of considerable size, heavily loaded 
with fatty granules, which are especially collected in clusters around the blood- 
vessels (fig. 4). Under higher magnification it is evident that these granules 
are included within large spherical cells (fat-granule cells). 

There are besides numerous areas of an intermediate nature in which both 
perivascular cuffing with lymphocytes and the so-called fat-granule myelitis 
are apparent side by side. 

(3) Transverse section through upper part of pons, immediately below the 
previous section, stained by the Kulschitsky-Pal method, and counterstained 
with carmine. 

Naked-eye examination shows up the patches as scattered demyelinated 
areas grouped more or less symmetrically around the floor of the Sylvian 
aqueduct and around the median raphe, together with a large irregular area in 
the right crusta. Microscopic examination reveals that the outlines of these 
patches are not clean cut, but are ragged with the apparently broken ends of 
partially demyelinated fibres. 

The carmine stain shows the presence of many vessels with perivascular 
cuffing with lymphocytes. Some of these lie within demyelinated areas, 
others at their borders, and several may be seen lying in the midst of fibres 
which have taken on the normal myelin stain. (Plate, fig. 2.) 

Sections of foci in the brain, in the walls of the lateral ventricles, and in 
the midbrain were stained by the methods of Levaditi and of Giemsa and 
searched for spirochetes with negative results, confirming the recent experience 
of other workers [2], [7], [8]. Sections of those areas of the midbrain in 
which the inflammatory changes were most marked were stained by Gram’s 
method and examined for micro-organisms, again with negative results. 

The spinal cord.—Transverse sections obtained by the Kulschitsky-Pal 
method confirmed the presence of the demyelinated areas suspected on naked- 
eye examination of the hardened cord. Inshape and distribution they conform 
with the usual picture of disseminated sclerosis, but in relation to the very 
numerous patches in the brain the areas in the spinal cord are few in number. 
Sections stained for fat by the Busch and Scharlach R. methods show the 
presence of many fat-granule cells, the microscopic picture on the whole 
resembling that described in the brain-stem. 

The neuroglial reaction, however, is different. Here in the spinal cord 
there is an almost complete absence of giant glia cells, the earliest change 
appearing to be an increase both in number and in thickness of the glia fibrils 
which run parallel with the myelinated nerve fibres. Vascular engorgement 
and perivascular infiltration are less evident than in the brain and brain-stem. 
Frozen sections in the longitudinal plane stained alternately by Scharlach R. 
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Bielschowsky’s method, and Victoria Blue, show the fragmentation of myelin 
and its inclusion within longitudinal chains of fat-granule cells, the persistence 
of relatively normal axis cylinders in the demyelinated zones, and the increase 
in density of the glia fibrils. The picture corresponds in every detail with that 


so beautifully illustrated in Dawson’s monograph |1 |}. 

The sections through the affected segments of the spinal cord, together with 
other sections through unaffected segments, when examined in series, demon- 
strate conclusively that absence of ascending and descending degeneration 
which is typical of disseminated sclerosis. 


Fic. 5.—Chains of fat-granule cells occupying sites of degenerated myelin sheaths. 
Longitudinal section through focus in posterior columns at C5. Frozen section stained with 
Scharlach-R. and hematoxylin. 


The details of this part of the examination are as follows: 

C 5.—-Frozen sections cut longitudinally through the patch and stained 
with haematoxylin and Scharlach R. show the presence of long chains of fat- 
granule cells occupying the site of the degenerated myelin sheaths (fig. 5). 
Sections from the same block stained by Bielschowsky’s silver method show 
the persistence of normal axis cylinders running through the affected area. At 
first sight the number of axis cylinders in the area of degeneration appears to 
be less than normal, but this appearance is probably due to the fact that the 
axis cylinders in this area are spread apart by the chains of fat-granule cells 
(fig. 6). The small vessels are surrounded in parts by a single layer of lympho- 
cytes, but there is no true perivascular cuffing. 
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D 2.—Transverse sections stained by the Kulschitsky-Pal method show a 
small circular demyelinated area in the central part of the posterior columns. 
This is symmetrically disposed around the postero-median septum. Micro- 
scopic examination shows that even in the centre of the affected area 
demyelination is not complete, and that the edges of this area are by no 
means clearly outlined. The carmine counterstain reveals the appearance of 
a “ fat-granule cell myelitis.” The small blood-vessels are dilated and full of 
blood, and there is an excess of nuclear elements in their adventitial sheaths. 


Fic. 6.—Relatively normal axis cylinders running through |the demyelinated area. 
Longitudinal section from same block as fig. 5. Frozen section stained by Bielschowzky's 
method for axis cylinders. 


* 

D 4.—Longitudinal sections through this patch stained with hamatoxylin 
and Scharlach-R., and Bielschowsky and carmine, show changes exactly similar 
to those seen in C 5. The fat-granule cells are less numerous than in C 5 
and tend to be grouped around the venules rather than arranged in longitudinal 
chains, as if the process had reached a somewhat later stage and these cells 
were making their way towards the blood-stream. 

D 8.—Transverse sections stained by the Pal method show a demyelinated 
area occupying almost the whole of the left lateral column and extending into 
the posterior column of the same side. The edges of this area appear clean 
cut to the naked eye, but under the microscope show the process of degenera- 
tion advancing into the healthy myelin. Sections stained by Busch’s method 
and counterstained with carmine show the whole area to be packed with fatty 





THE PATHOLOGICAL ANATOMY OF DISSEMINATED SCLEROSIS 53 


granules. Some of these represent the earliest stage of myelin degeneration, 
but the majority are contained in fat-granule cells. Many of the small vessels 
are surrounded with rings of these cells, and in addition one venule cut longi- 
tudinally shows swelling and proliferation of the endothelial lining, and a cuff 
of lymphocytes. 

D 9.—Transverse sections stained by the Pal and Busch methods show a 
small area of degeneration in the centre of the posterior columns dorsal to 
the commissure, and another in the anterior column ventral to the com- 
missure. Microscopic examination shows cell changes which are similar to 
those described in D 8. The vessels in the postero-median septum and in the 
anterior fissure are surrounded with fat-granule cells. 

Transverse frozen sections through the same patch stained for glia show a 
very great proliferation of the glial fibrils, the outlines of the affected area 
being visible even to the naked eye. Under the microscope the fibrils are seen 
to be greatly increased in thickness and in numbers as compared with normal 
areas, forming dense interlacing strands amid which are spaces occupied by the 
fat-granule cells. 

Transverse sections through C 6, D 6, and L 3, stained by the methods 
of Pal and Busch, confirm the absence of ascending and descending degenera- 
tion. A minute area of degeneration is seen in the right lateral column 
in C 6. 


SUMMARY AND CONCULSIONS. 


(1) In the descriptions of the pathological anatomy of disseminated 
sclerosis which have been published during the past ten years there 
have appeared two different accounts of the initial phase of the disease. 
One group of observers asserts, the other denies, the presence of that 
perivascular infiltration with lymphocytes and plasma cells which is 
generally regarded as the criterion of a true inflammatory reaction 


occurring within the central nervous system. Upon these two different 
sets of observations have been based two opposite views: (1) that 
disseminated sclerosis is, (2) that disseminated sclerosis is not, a disease 


of infective origin. 

(2) A study of the literature shows that the accounts previously 
reported of the occurrence of such inflammatory changes in disseminated 
sclerosis have been open to one of two objections, viz., either that 
inadequate proof (clinical or pathological) has been afforded to show that 
the case is indeed one of disseminated sclerosis, or that the perivascular 
infiltration depicted consists of fat-granule cells, which may with certain 
staining methods closely resemble clusters of lymphocytes. 

(3) A case is reported in which an attempt has been made to meet 


both these objections. 
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The patient was a woman in the fourth decade of life who died in an 
acute exacerbation of her illness two years after the first symptoms had 
been noticed. The onset of the disease was at first insidious with 
symptoms of multiple lesions of the long fibre tracts, both sensory and 
motor. The subsequent history was one of alternate remissions and 
relapses. The initial symptoms cleared away leaving but a slight 
residual disability, only to be followed after an interval of comparative 
health by fresh signs of trouble elsewhere. First, there was a 
numbness of the right arm and a girdle sensation; then tingling 
and weakness in the left leg, and in succession mistiness of vision, 
left-sided ptosis, renewed weakness in the right arm, weakness of 
the left arm, slurring speech, and loss of sphincter control. A 
year after the commencement of the illness she was observed 
during a severe exacerbation from which she made a remarkable 
recovery, being left, however, with physical signs indicative of 
much permanent damage. After an interval of four or five months 
there was a recurrence of symptoms with severe girdle pains, cranial 
nerve palsies and paraplegia, and in this phase of the disease she 
died of acute broncho-pneumonia. 

There was no history of syphilis and the Wassermann reaction in 
blood and cerebrospinal fluid was negative. 

Microscopic examination of the nervous system after death revealed 
innumerable foci of degeneration scattered through the cerebrospinal 
axis. The distribution of these foci was that commonly found in 
disseminated sclerosis, viz., in the white matter of the cerebral 
hemispheres, and especially round the posterior horns of the lateral 
ventricles, in the optic chiasma, in the brain-stem, especially around 
the aqueduct of Sylvius, in the posterior and lateral columns of the 
spinal cord. 

Individual foci were found in all stages from that of acute fatty 
degeneration to the dense gliosis of the true sclerotic patch. There was 
no systemic ascending or descending degeneration from the lesions 
in the long fibre tracts, and suitable staining showed relatively normal 
axis cylinders running through the demyelinated areas. The minute 
anatomy of the foci corresponded, with the exception shortly to be 
mentioned, with the description and illustrations in Dawson’s [1] mono- 
graph. Of the nervous elements the cell bodies and axis cylinders were 
relatively intact, the degenerative process being mainly confined to the 
myelin sheaths. ‘The glial reaction in the brain and brain-stem differed 
somewhat from that seen in the spinal cord. In both situations this 
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reaction was apparent at an early stage of the myelin degeneration, but 
in the brain and brain-stem the most striking feature was the develop- 
ment of abnormal glia cells (astrocytes), whilst in the spinal cord there 
appeared to be a primary increase in the number and thickness of the 
glia fibrils with relatively little astrocyte formation. In the later stages 
the lesions in both situations appeared alike, the astrocytes in the 
cerebral foci giving place to a dense network of fibrils. 

In the substance of the brain and brain-stem the relation of each 
small focus to a central dilated blood-vessel (venule) was as a rule 
obvious. In the spinal cord this relation could not be established. 

Around the vessels cell infiltrations of two kinds could be dis- 
tinguished :— 

(a) In the foci which were in the phase of fatty degeneration 
paraffin sections showed clusters of small, darkly-stained nuclei around 
each vessel. These nuclei, however numerous, were never densely 
packed together, and osmic acid or Scharlach-R. staining of frozen 
sections showed them to lie within globular cells laden with fat 
granules. 

(b) In certain areas of the brain-stem an occasional venule was seen 
surrounded by a cuff of densely-packed nuclei, apparently those of 


lymphocytes, with an occasional plasma cell. 

This type of perivascular infiltration was indistinguishable from 
that commonly seen in encephalitis lethargica, but in the present 
instance the individual vessels affected were comparatively few and far 


between. 
Such infiltrated vessels were observed only in the more recent foci, 


but were not confined to any particular zone of the focus. They were 
frequently met with at the periphery of what appeared to be an 
advancing lesion, and in sections of the pons stained by the Pal 
method and counterstained with carmine they were occasionally seen 
beyond the margin of a demyelinated area, lying among fibres whose 
myelin sheaths still took up the hematoxylin. Other sections of the 
pons stained by the Marchi method and counterstained with carmine 
showed in different areas of the same section both types of perivascular 
infiltration—the one consisting of fat-granule cells heavily stained with 
osmic acid, the other consisting of densely packed lymphocytes without 
fatty inclusion. As a rule, the two types of infiltration were distinct, 
but in places lymphocytes and fat-granule cells were found together 
surrounding a single vessel. 

(4) The general impression gained from a survey of this case is, 
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that vascular engorgement and perivascular infiltration with lympho- 
cytes and plasma cells, similar to that seen in encephalitis lethargica— 
although it is not a constant feature of the lesions of disseminated 
sclerosis, does occur in the acute phases of this disease. 

(5) The type of cellular reaction is that met with in all diseases of 
the central nervous system which are known to be due to micro- 
organisms, and it may be deduced that the cause of disseminated 
sclerosis is in all probability of a similar nature. 

(6) Sections from the affected areas were searched for spirochetes 
or other micro-organisms with negative results. 


[I have to acknowledge my thanks to Dr. J. R. Perdrau, of Lambeth 
Infirmary, and Professor Adrian Stokes, of Guy’s Hospital, for their 
generous assistance in the preparation of this paper. | 
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DESCRIPTION OF PLATE. 


Fic. 1.—Perivascular infiltration with lymphocytes. Focus in pons. Celloidin section, 
stained by Busch modification of Marchi method. Counterstained with carmine. Note the 
absence of fat-granules, and contrast with the vessel shown in a photograph (fig. 4 in text) 
of another part of the same section. 


Fic. 2.— Perivascular infiltration with lymphocytes at the margin of a demyelinated area, 
Focus in pons. Celloidin section, stained by Kulschitzky-Pal method. Counterstained with 
carmine. 














A STUDY OF THE ELECTROMYOGRAMS OF VOLUNTARY 
MOVEMENT. 


BY F. GOLLA, F.R.C.P.LOND., 
AND 
J. HETTWER, PH.D. 
From the Pathological Laboratory of the Maudsley Hospital. 


THE investigation of the co-ordination of muscles in the performance 
of a voluntary movement has been hitherto confined to the palpation of 
the muscles concerned in a movement, or to records taken of their 
alterations in shape by means of levers and tambours. If it be possible 
for the observer to estimate by the sense of touch the activity of the 
various muscles concerned in a voluntary movement, the former method 
should be the more accurate. A mechanical method of recording must 
be necessarily fallacious. If a joint be actively flexed or extended any 
tambour or lever exploration of the respective extensor or flexor 
antagonistic groups of muscles can only show the deformation that 
must necessarily occur owing to the muscle being forcibly elongated by 
the prime movers. It can give no information as to whether this 
elongation is produced in spite of a resistant contraction of the 
anatomical antagonist (synergism), or whether it is accompanied by 
simultaneous inhibition. The palpatory investigation is, however, 
subject to very great disadvantages. It is obviously only suited to the 
investigation of a few muscles, and the movement must be very slowly 
performed in order to allow the observer to appreciate alterations in 
tension. Again, the interpretation of digitally observed variations in 
tension introduces a subjective difficulty—it cannot be affirmed with any 
certainty whether a palpable increase of tension is due to the stretching 
of a relaxed muscle, or to the synergic contraction of a muscle whose 
resistance is inefficient to prevent its forcible elongation. 

The experiments described in this paper represent an attempt to 
investigate the muscular co-ordination taking place in voluntary move- 
ment by substituting for methods depending on the recording of altera- 
tions in position, the reading of two concomitants of muscular activity 
—the muscle action-current and the mascle sound. 
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Methods.—The electrical recording of contracting muscles in the 
human subject involves the use of electrodes which do not suffer displace- 
ment with movement, and which permit the exclusive recording of the 
electrical changes taking place in a selected superficial muscle. For 
this purpose an electrode was devised to fasten on to the skin by suction. 
An ebonite disc of 4 in. diameter was made so as to present on its 
under-surface a peripheral groove from which the air could be exhausted, 
and a central cavity blocked by a cork through which was stuck a gilt 
needle electrode. Once the disc was made adherent to the skin by 
exhaustion of the air in the peripheral groove, the needle electrode was 
plunged down through the skin into the substance of the muscle to be 
investigated. With sharp needles no discomfort is experienced. The 
current from each muscle studied was led off by a pair of these electrodes 
inserted, one electrode above, and one below the nervous equator of the 
muscle. A Cambridge model of the Einthoven galvanometer with two 
strings was used, and thus it was possible to record simultaneously the 
action current of any pair of selected muscles. 

For the purpose of recording muscle sounds, a single ebonite disc 
similar in character to that used with an electrode was employed. The 
central cork holding the needle and electrode was, however, removed, 
and a metal tube inserted, which communicated by a length of rubber 
tubing with a microphone. The microphone current was led througha 
telephone receiver, which was clamped face to face with a second 
receiver, only a single steel disc lying between the magnets of the two 
receivers. The movements of the disc resulting from the microphone 
current passing through the armature of the first receiver induced 
currents in the second receiver, which were led off to the string galvano- 
meter. By this means the muscle sounds of a pair of muscles could be 
recorded. Later on a hot wire sphgymograph was substituted for a 
telephone, but proved on the whole less satisfactory, owing to displace- 
ment of the applied tube being occasioned by the movements of other 
muscles which were not under investigation. The methods adopted 
admit only of the investigation of superficial muscles, and only two of 
these ata time, but combining the results obtained from various pairs of 
muscles, it is possible to obtain some knowledge of the time relations of 
the activity of all the superficial muscles involved in a specific movement. 

The observations here recorded were obtained from normal subjects, 
and the results presented represent in each instance the mean of a large 
number of experiments. The actual time relations of the entering into 
activity of various muscles have, of course, only a relative and not an 
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absolute value. They represent the time relations of muscles when a 
voluntary movement is performed by the subject without either conscious 
effort or any attempt to control the velocity with which the movement 
is performed. Under these circumstances it was found that the subject 
performed the movement desired with a fairly uniform rapidity. That 
the time relations when the same movement was performed intentionally 
with great slowness or extreme rapidity were greatly modified will be 
seen from some observations cited later. 


te 
Time woe —> 


Anterior Tibial 


Gastrocnemius > 


Fic. 14.—Electromyogram of voluntary dorsiflexion of foot ; beginning of movement 
indicated by cross. The anterior tibial group contracts about ,!,,th of a second before 
the gastrocnemius. 
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Fic. 1n.—Microphone record of voluntary dorsiflexion of the foot. The gastro- 
cnemius sound is practically simultaneous with the anterior tibial sound. 


The movements of the ankle-joint represent a type of voluntary move- 
ment uncomplicated by considerations of the effect of gravity, and the 
muscles concerned are easily accessible. The movements studied are 
dorsiflexion of the foot, extension, eversion and inversion, and three 
groups of muscles can easily be investigated—the anterior tibials, the 
peronei and the gastrocnemius. The movements were performed with 
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the leg supported parallel to the floor in a suitable cradle, and the results 
obtained proved to be identical, no matter whether the limb were slung 
with the anterior surface pointing uppermost or downwards. 

Voluntary dorsiflexion of the foot—The prime movers, i.e., the 
anterior tibial group, enter into contraction about 53, of a second 
before the gastrocnemius (figs. 1A and 8). The peronei contract simul- 
taneously with the anterior tibial group. 


Time 4,Sec— 
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Fic. 2a.—Electromyogram of voluntary extension of foot. The gastrocnemius 
contracts about ‘006 second before the anterior tibial. 


Time 3 — —. 


Peronei —— 


Anterior Tibials—> Eaggaemaal ‘ 


Fic. 28.— Microphone record of voluntary extension of the foot. The anterior tibial 
contracts simultaneously with the peronei. 


Voluntary extension of the foot.—The gastrocnemius contracts 
about 0°006 second before the anterior tibial (fig. 2a). The anterior 
tibial contracts simultaneously with the peronei (fig. 2B). 

Voluntary inversion of the foot.—The anterior tibial contracts 
0°02 second before the peronei, the gastrocnemius about 0°01 second 
after the anterior tibial. 

Voluntary eversion.—Anterior tibials and peronei contract practically 
simultaneously. The gastrocnemei contract practically simultaneously- 
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The gastrocnemei contract about ,}, of a second after the anterior tibial 
group. 

Voluntary movements of the knee -—Movements of flexion and 
extension of the knee were observed, the leg being slung so that the 
internal condyle of the femur pointed downwards, and the lower leg, 
which was supported at the ankle-joint by a web sling, moved only in a 
horizontal plane. The quadriceps extensors and the flexors of the 
knee-joint were severally investigated. 

Voluntary flexion of the knee.—The flexor muscles contract 
about 54; of a second before the extensors. 

Voluntary extension of the knee.—The extensors contract about ;};, 
of a second before the flexors. 

Voluntary movements of the arm.—The study of the movements of 
the elbow-joint was undertaken in greater detail. 

A cord was fastened to the wrist and passed over a pulley to be attached 
to a vertically suspended weight, so arranged that when it was moved 
up or down by the movements of the forearm it made and broke the 
circuit of an electric signal in six different positions. These positions 
were so arranged that the first corresponded to the elbow-joint in 
a position of full extension, the second to the lower arm forming an 
angle with the upper of 150°, the third to 120, the fourth to 0°, the 
the fifth to 60°, and the sixth to an angle of 30° between the upper and 
lower arm. ‘he movements of the signal lever were photographed 
together with the electromyograms of the muscles, and it was thus 
possible to determine at what precise position of the arm during the 


performance of a voluntary movement any particular muscle entered 


into contraction. With the arm in the pendant position, the electro- 
myograms of the biceps and triceps were recorded during voluntary 
flexion and extension. 

In flexion the biceps contraction precedes the triceps, which does 
not become actively concerned till the forearm forms an angle of 60 
with the upper arm (fig. 3). In voluntary extension the biceps contracts 
during the whole course of the movement, the triceps contraction only 
becoming obvious when the forearm is approaching an angle of 150 
with the upper arm (fig. 3). If the experiment be repeated, but this 
time with the upper arm slung at right angles to the body, so that 
when the elbow-joint is fully flexed the closed fist lies in the axilla, it 
will be found that the electromyograms showed vastly different relations. 
In voluntary flexion the biceps acted from the beginning, and the 
triceps began to contract when the forearm had been moved through 
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an angle of about 309. In voluntary extension the triceps contracts 
from the beginning of the movement, the pre-existing current of 
contraction of the biceps is inhibited only when the forearm forms an 
angle of 90° with the upper arm. If the extension be performed with 
great rapidity, the biceps contraction lasts throughout the whole of the 
movement. It is obvious then that in the case of the elbow-joint 
economy of the moderating contraction of the anatomical antagonists is 
exercised by allowing the influence of gravity to replace the action of 
the antagonists whenever this is possible, and it is only when gravity 
ceases to have a moderating influence that the antagonists enter into 
contraction. 


Position Lever> 


Biceps ——> 


Tric eps —+» 


Fic. 3.—Electromyogram of flexion of the horizontally supported arm till the fist 
is in the axilla. The biceps contract throughout; the triceps activity is most marked 
when the forearm is moved to position 4, i.e., when the lower arm forms an angle with 
the upper of 90°. A indicates beginning of the movement. 


If a strain be put on the elbow-joint by attaching a weight of two 
kilos to the forearm above the wrist, the picture is again changed. 
When the pendant arm is hanging fully extended there is a slight 
continuous contraction of the biceps and triceps. When voluntary 
flexion is performed the action current of both these muscles is at first 
greatly increased, but the triceps ceases to contract when the forearm 
forms an angle of about 120° with the upper arm. In voluntary 
extension both biceps and triceps contract vigorously throughout the 
movement, till when the joint is fully extended the vigorous contraction 
ceases and is replaced by the slight persistent contraction. It would 
appear, therefore, that when the forearm is weighted the biceps and 
triceps by their contraction take the weight off the elbow-joint till it 
has been flexed to such a degree that the weight no longer exerts 
a direct downward pull, and can then be counteracted by the biceps 





A STUDY OF THE ELECTROMYOGRAMS OF VOLUNTARY MOVEMENT 63 
alone. At this stage, moreover, the weight is sufficient to replace the 
moderating contraction of the triceps, and hence this muscle is 
completely inhibited. 

The relation of the amplitude of the electric oscillations of the 
electromyogram of a voluntary movement to the force exerted may be 
studied by comparing the electromyogram of the same muscle when 
@ movement is performed against gravity alone, and with the limb 
weighted by large or small weights. The direct relation of the 
magnitude of the electrical response to the magnitude of the contraction 
was further demonstrated by us in our study of the electromyogram 
of the patellar reflex [1]. It is of interest to determine the time 
relations of the increased electrical response to the increased force of 


. 
Time 100 DeC.——> 
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Triceps ——»> 


Fic. 4.—Electromyogram record of flexion of pendant forearm. At the point marked 
by cross a sudden increase of the load was thrown in. The resultant augmentation of 
the muscular response occurred about *02 second later. In this case flexion was very 
slowly performed. ; 


contraction which is evoked when the unloaded limb is suddenly loaded. 
For this purpose the arm was pendant and attached to the wrist was the 
end of a loose cord which passed over a pulley and was fastened to a 
weight of Sib. The length of loose cord was varied so that at any desired 
position of the forearm the cord would become tightened and the weight 
lifted, the suitable arrangement of an electric signal to the weight 
allowed us to determine the moment of the electromyogram at which 
the weight came into play. The absolute values of the latent period 
between the coming into play of the weight and the occurrence of the 
augmented muscle contraction, depend to some extent on the velocity 
with which the limb is being moved. It was found that when the arm 
was flexed as rapidly as possible, an augmentation of the biceps 
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contraction current takes place 0°005 sccond after the pull of the 
weight is exerted (fig. 4). During a slow movement of flexion of 
the elbow the latent period of the augmentation may exceed 0°03 
second. During a normal flexion of the elbow-joint with the 
forearm in a supinated position, there is no synergic contraction of 
the pronator radii teres, but 0°01 second after the restraint of the 
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Fic. 5.—Electromyogram of voluntary flexion at elbow-joint, At the point marked 
with a cross an additional load was thrown in, and °01 second later the pronator radii 
teres reinforced the movement. 
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Fic. 6.—Electromyogram record of triceps and brachialis anticus during extension of 
the arm when slung at right angles to the body: cross marks point of beginning of 
movement. 


weight has come into action the pronator radii teres shows a well 
marked muscular contraction current (fig. 5). 

An attempt was made to differentiate between the electromyograms 
of the two heads of the triceps. It was found that during the early 
part of the movement of extension the short head of the triceps alone 
contracted, and not until the forearm was at an angle of about 120 
with the upper arm did the long head of the triceps begin to contract 
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vigorously. The synergic action of the brachialis anticus and the biceps 
and triceps during flexion and extension of the elbow-joint were next 
examined. It was found that the brachialis anticus begins to contract 
in the movement of flexion simultaneously with the triceps contraction 
and ceases when the forearm is at an angle of 60° with the upper arm 
(fig. 6). The synergism between the extensor longus pollicis and the 


flexor carpi ulnaris appears to be complete, both muscles contracting 


' 
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Hic, 7a.—Electromyogram showing cessation of action of pronator radii teres on changs 
from active supination to pronation. 


Pronator radii 
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Fic. 7p.—Electromyogram showing cessation of action of biceps oa change from active 
supination to pronation, 


simultaneously when the thumb is voluntarily extended. Similarly the 


contraction of the biceps and the supinator longus occurs simultaneously 


in the movement of supination. Contraction of the two sternomastoids 
in flexion of the head is simultaneous, but on rotation of the head the 
sternomastoid on the side from which the head is rotated precedes the 
moderating contraction of that on the side to which the head is rotated 
by about 0°01 second. A very slow movement of rotation of the head 


PRAIN.—VOL. X_VII, 
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appears, however, not to be accompanied by a moderating contraction 


of the antagonistic sternomastoid. A simultaneous contraction of the 
deltoid and contralateral erector spine occurs on voluntary abduction of 
the arm. 

The movements so far recorded have involved synergic contraction 
of anatomically antagonistic muscles; the only cases that we have been 
able to study of an apparent antagonism between two muscles is in the 
relation between the activity of the biceps and the pronator radii teres 
in the movements of supination and pronation (figs. 7A and 7B). That 
this antagonism is not absolute is however shown by the fact that if an 
attempt be made to supinate or pronate against resistance when the 
wrist is firmly grasped by the observer, synergic contraction of both 
supinator and pronator occurs, the prime mover showing a greater 
amplitude of oscillation in the electromyogram of each movement (fig. 8) 


§ -¢ 
Time SoSec —> 


Pronator radn 
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Fic. 8.—Electromyogram showing supination performed against great resistance. Both 
the biceps and pronator radii teres are activated, the latter about ,',th of a second after the 


bic« ps. 


This simultaneous synergic contraction of both supinators and pronators 
when resistance is encountered is obviously analogous to the triceps and 
biceps synergism which occurs when a weight is attached to the 
pendant wrist. 

The time relations of the co-ordination of various muscles in certain 
voluntary movements is the same as when a similar movement is 
elicited as a spinal reflex response. Electromyograms of the patellar 
and the Achilles retlexes were obtained, recording the contraction of the 
antagonistic muscles concerned. It was found that in the patellar reflex 
the contraction of the flexor muscles of the knee follows that of the 
quadriceps extensor at an interval of 7 to 10 sigma (fig. 9a). If a 
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voluntary kick in imitation of a knee-jerk be made, it will be seen that 
the flexor contraction follows the extensor in 10 sigma, that is in about 
the same time (fig. 98). Similarly with the ankle-joint, the anterior 
tibial contraction follows the gastrocnemius contraction at an interval 
of 10 sigma, and when an involuntary extension of the foot is made, 
the interval (10 sigma) is practically the same. Inasmuch as the flexor 
contraction in the knee-jerk and the anterior tibial contraction in 
the ankle-joint cannot by their time relations be possibly of cerebral 
origin, it would appear that in the performance of an analogous volun- 
tary movement the cerebrum merely innervates previously existing 


reflex patterns. 


Quadricep > eS 


Flexors ——~> 


Fic. 9a.—-Electromyogram of a knee-jerk. Fic. 98.—Electromyogram of voluntary 
The contraction of the flexors occurs about imitation of knee-jerk. Contraction of 
005 second after that of quadriceps. flexors occurs about ‘005 second after 

that of quadriceps. 


The relation of the synergic contraction of voluntary movements to 
the tonic reflexes which have been studied in the decerebrate animal is 
not clear. The definition of tonus is at present in a very unsatisfactory 
state. We prefer for purposes of our study of the electromyograms of 
the normal man to confine our definition of tonus to that state of 
muscular tension which varies as a reflex response to affective stimuli, 
and the variations of which do not give a phasic electromyogram. In 
the normal human subject one of us (F.G.) [1] has pointed out that the 
existence of an increase of the tonic state of muscles as a response to a 
nocuous stimulus can be easily demonstrated, and that such increase of 
tonus is marked by a single biphasic electrical current and does not 
show the phasic electromyogram that occurs during voluntary contrac- 
tion. Such alterations of tonus, if they occur in the performance of a 
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voluntary movement, will obviously escape notice in a study of the 
electromyogram. Under the conditions of certain pathological and experi- 
mental lesions of the nervous system they may well be of paramount 
importance. It has, however, been shown that the electromyograms of 
the postural movements that take place in the decerebrate animal are 
similar to those obtained from the muscles in voluntary movements, and 
hence their mechanism must be different to that of the muscular tonus 
that is acted on by affective stimuli. Exploration of the muscles of the 
trunk and lower extremities while standing, by means of the needle 
electrodes, reveals the fact that action currents showing the Piper 
rhythm of about 50 vibrations per second are present in all those 
superficial muscles which are in any way connected with the posture 
assumed, and any additional work, such as that engendered by sup- 
porting a heavy weight on the head while standing, is at once responded 
to by a generalized innervation giving a phasic electromyogram of all 
muscles, the action of which will tend to stabilize the joints. 

The difference between the co-ordination of prime movers and 
antagonists in postural reflex movements obtained from the decerebrate 
preparation and that in voluntary movements in the intact organism, 
may be referred to the elimination of the higher co-ordinating centres 
of the decerebrate animal. An interesting observation in support of 
this view is that of Gordon Holmes [3]. He observed independently 
the synergic contraction of the flexor muscles in the normal knee-jerk, 
but found that in cases with a loss of cerebellar function this synergic 
contraction of the antagonists was absent. Since, as we have shown, 
the time relations of the entry of the flexor contraction are only com- 
patible with this contraction being, like the knee-jerk, a purely spinal 
reflex pattern, it would appear that the arrangement of even such 
simple spinal reflex patterns as that of the knee-jerk can be funda- 
mentally affected by the presence or absence of the higher proprioceptive 
centres. 

In conclusion, a study of the electromyograms and the electro- 
phonograms of the muscles concerned in a voluntary movement illus- 
trates not only the co-operation between anatomically antagonistic 
muscles, but that their time relations and the magnitude of their 
response is adjusted with an almost infinite variation to the different 
degrees of resistance that the voluntary movement may be called upon 
to overcome, or to the velocity with which it is performed. 

It seems, in addition, certain from a study of the latent periods of 
such modifications as may be induced in the course of the performance 
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of a voluntary movement, that they are determined by subordinate and 
even spinal mechanisms. The effective mechanism of voluntary con- 


trol appears to determine, in the first place, the nature, velocity and 


force of any given voluntary movement, but plays no part in the deter- 
mination of such modifications as may be necessary in the first instance 
to deal with such variations of the environment as may be encountered 
during the performance of the movement. 

We wish to express our thanks for much helpful assistance to 
Sir Frederick Mott, in whose laboratory three years ago this work was 
executed. 
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ELECTROMYOGRAPHIC STUDIES OF EXPERIMENTAL 
CONVULSIONS:' 


BY STANLEY COBB, BOSTON. 


Ir has long been known that epileptiform convulsions can be pro- 
cuced by absinthe and its derivatives. A few records have been made 
with the string-galvanometer of the action-currents of muscles during 
true epileptic convulsions [20], but no attempts, as far as I know, have. 
been made to study experimental convulsions by this method. It seems 
worth while, therefore, to report a short series of experiments carried 
out in connection with an investigation of thujone convulsions in rabbits 

22) [17]. The object of these experiments was to record the electro- 
myogram—the action-current picture—of a muscle in both “ tonic’’ and 
“clonic’’ contraction.” This seemed important because clinical observers 
have always described the tonic and clonic periods of an epileptiform 
convulsion as distinct phenomena, and have even gone so far as to ascribe 
their genesis to different parts of the central nervous system. 

In the first two experiments the procedure was similar to that used 
in human electromyography [11] [6], except that the animal was 
carefully tied down, the leg padded and clamped, and the skin depilated 
with barium sulphide. Small-wick electrodes like those described by 
Adrian and Forbes [2] were clipped lightly on to the skin to form a 
circuit through the contracting muscle and the string-galvanometer. 
The proximal electrode was placed over the belly of the quadriceps 
femoris, and the other, the distal electrode, over the patella-tendon of 
the same leg. Thus action-currents came from only one source—the 
contracting muscle under the proximal electrode. The galvanometer 
was of the Hindle type, and the records were made by means of a special 


1 From the Neuropathological Laboratory of the Harvard Medical School. This work was 
made possible by a grant from the Committee on Epilepsy. Charles P. Howland, Treasurer, 
61, Broadway, N.Y. 

* These terms are used in the descriptive, clinical sense, ‘‘tonic '’ thus indicates a pro- 
longed, steady contraction of skeletal muscle, and ‘‘clonic ’’a rapid rhythmic alternation of 
contraction and relaxation. 
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camera designed by Forbes, in whose papers [12] [10] detailed descrip- 
tions may be found. 

Rabbits when handled gently may be prepared in this way without 
struggle. With a fine needle the proper dose of thujone is then injected 
into the ear vein, and after a short interval the convulsions begin. The 
dose of thujone that will give an animal a strong convulsion can 
be approximately gauged by the animal’s weight, but we found it better 
actually to test each animal and learn his “threshold dose ” before 
bringing him to the galvanometer room. The thujone used was extracted 
for us from oil of tansy by Professor Grinnell Jones of the Department 
of Chemistry, to whom we are indebted, for the product has proved to 
be a strong and dependable convulsant. In order to measure the dose 
more carefully the thujone is dissolved in cod-liver oil, a 20 per cent. 
solution being found convenient. Of this solution about 0°03 c.c. per 
kilogram body weight usually gives a good convulsion. As soon as the 
convulsion is observed records are made of the deviations of the galvano- 
meter string by photographing them on the moving film of the camera. 

In other experiments the animal was anesthetized with ether and 
placed prone on a board with appropriate strong clamps to hold the hind 
legs, and straps for the body. The gastrocnemius muscle was then 
exposed, and the tips of the wick electrodes were stitched to the muscle 
—one over the belly and the other at the beginning of the Achilles 
tendon. The sciatic nerve was exposed and all the branches were cut 
except that to the gastrocnemius muscle. ‘I'hus the whole of the lower 
leg, except this one muscle, was paralysed, and being clamped at tarsus 
and femur there was little motion during the convulsion. 

A typical protocol reads as follows :— 


Experiment 5, November 20, 1922. 


(Drs. Cobb and Chung, and Mrs. Ray.) 


Rabbit N—22—21. Weight 3°4 kilo. 
) p.m.: Ether started, and operation soon after. Right leg 


Time.—2.4( 
clamped and sciatic nerve exposed, branches to thigh muscle cut, and peroneal 
nerve cut, popliteal remains intact. Gastrocnemius muscle exposed and elec- 
trodes applied as usual. 

3.20 p.m.: Operation finished. Galvanometer string set at tension of 25 mm. 
per millivolt. Speed of camera film 40 min. per second. 

3.26 p.m.: First record. A control with muscle at rest, light ether anes- 
thesia: corneal reflex present. 

».m.: Thujone 20 per cent., 0°15 c.c. in ear vein. 
Second record. Violent convulsions of whole body, © tonic.” 
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Third record. Too much motion, leads shift on muscle. 

Fourth record. Good contraction of gastrocnemius,  tonic.”’ 

In this way contractions of the gastrocnemius muscles of six rabbits 
vere studied, and many records of the action-currents were made. The 
average frequency per second of these action-currents was 90, the six 
rabbits giving individual averages of 71, 70, 89, 102, 116 and 94 per 
second. It is perhaps of interest that the first two, with averages of 
71 and 70 per second, were made through the intact skin, while the 
last four, with more rapid action-currents, were recorded from the 
xposed muscle. Moreover, these latter experiments gave greate 
excursions of the galvanometer string, so that the waves on the electro- 
myogram appeared higher. 

A comparison of records of tonic and clonic convulsive contractions 
shows that the action-currents are present in both, and essentially 
similar. Figs. land 2 are prints from films made in Experiment 1; the 
protocol reads, in part, as follows :-— 

‘*Convulsion started; records taken of short clonic jerks (fig. 1) of 
leg. Convulsions still going. Convulsion suddenly becomes more 
tetanic (‘tonic’); legs are forcibly extended and muscle appears to 
contract and writhe. More records taken, all of this is steady ‘ tonic’ 
spasm (fig. 2).” 

These figures are electromyograms, and their only difference seems 
to be that the clonic spasm (fig. 1) is discontinuous and interrupted by 


periods when no action-currents are recorded, whereas the tonic record 


(fig. 2) is quite steady and continuous. Both, however, are made up 
of rapidly repeated action-currents. Physiologically, then, both con- 
tractions are tetanic, that is, they are sustained and result from rapid 
series of nerve impulses reaching the muscle. In the tonic contraction 
these impulses come steadily, in the clonic they come in showers. 

These experiments simply apply the string-galvanometer to the 
study of thujone convulsions in rabbits. Hence any analogy that may 
be drawn to human epilepsy must be with many reservations. Yet it 
would seem reasonable to apply this rabbit physiology to the human, 
both being mammalian nerve-muscle mechanisms. ‘The electromyo- 
grams show that both the tonic and clonic parts of the convulsions are 
tetanic in character. The tonic part is a steady tetanic phenomenon, 
vecoming clonic as the stream of tetanizing impulses become discon- 
tinuous. A clonic contraction of this sort is, therefore, an interrupted 
tetanus. 

It has been shown by former investigators that simple reflexes, such 
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as the knee-jerk, show but one diphasic action-current in the electro- 
myogram ; but a crossed extension reflex, and a Babinski response | 20 | 
are short tetani. The contractions of reflex patellar or ankle clonus 
occasionally have only one action-current apiece, but more often they 
have several |4/. ‘The tremor of paralysis agitans is a somewhat 
similar rhythmic phenomenon in which each tremor contraction is 
founé to be a short tetanus |7'. Going still higher, to more complex 


Sseeseeseceeseaeseeseeeseeeeeeaeeseese to tt 888. 


Fic. 1.—-Experiment 1, third record, Electromyogram of a ‘** clonic ’’ contraction of the 
gastrocnemius during an experimental convulsion. The record shows that physiologically 
this contraction 1s tetanic. Tuning fork time-marker vibratit.g 100 per second. 


POPPPPEPeRDeDerereesensey DeDENTETORONERONTOHONTDEE TUOTPPPUTROP ETE RN ONE FURDTUUODED ECE DECEEPOUEOEEREDERNTODEEETETITED OEE EDEORTOFEOERT. PROPOEDEDEOPINEREFEDED ” 
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Fic. 2.—Experiment 1, eighth record. Electromyogram of a prolonged tetanic contrac 


tion, or ** tonic ’’ spasm, during the same convulsion and from the same muscle as fig. 1. 
The action-currents are essentially similar to those in the clonic contraction, but they are 
of slightly less average amplitude and the multiphasic curve is longer sustained. 


movements, we find that involuntary choreic movements are tetanic [5], 
and give electromyograms which resemble closely those of involuntary 
hysterical movements {6} and of normal voluntary contractions 
[18] [8]. It would seem that all these contractions, from the point 
of view of their electro-physiology, are similar in type, differing only 
in continuity and duration. ‘This suggests that these differences depend 
on the reflex level at which the impulses are principally integrated, e.g., 
spinal cord discharges being the least continuous, and cortical the most 
sustained. 

What a tonic contraction really consists of is a difficult question, but 
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since the term is so often used to describe parts of the epileptic fit a 
short discussion is perhaps pertinent. In the foregoing the word 
“ tonus”’ has been used with reserve, for, as Sherrington { 21] and others 
have pointed out, “tonus ” is a term used vaguely without that definite- 
ness we should require of a scientific term. He uses it to describe a 
state of enduring contraction, reflex in origin, and usually subserving a 
more or less highly integrated postural function. One of these more 
highly integrated postural reflexes is decerebrate rigidity, and this has 
been shown by Buytendyk [3] and Salomonson [20] to be a tetanic 
muscular contraction with rapid multiphasic action-currents. Forbes 
[13] has recently summarized the evidence, and argues that in 
mammalian striated muscle tonus is reflex in origin, and is innervated 
by tetanic impulses in the same way that other contractions of skeletal 
muscle are innervated. Salomonson [20], however, does not consider 
such contractions to be ‘‘ tonic,” stating that all changes in muscle 
tonus occur without seeming to cause any change in the electrical state 
of the muscle. In fact he has observed muscle spasms and notable 
changes in muscle tension without electric action-current. Adrian's 


interesting electromyograms in Adie and Greenfield’s paper on dys- 
trophia myotonica [1] indicate that a state of contraction in a muscle 


may continue for some time after the cessation of the action-currents. 
But other workers in this field [19] [7] have not corroborated 
Salomonson’s negative findings, and believe with Forbes that at present 
the weight of evidence indicates that tonus is fundamentally similar 
to voluntary and other reflex contractions. Thus all contractions of 
skeletal muscle would seem to be evoked by similar propagated disturb- 
ances, though in some cases they may be so weak or so irregular that 
they evoke no visible action-currents. 

There has even been a movement to consider muscular tonus as of 
sympathetic origin [9] [16], and with insufficient evidence certain 
authors [14] [15] have proceeded to elaborate explanations of motor 
and psychological phenomena on this basis. It would be most gratifying 
if such a simple explanation as de Boer’s proved to be correct; many 
obscure processes would be explained, but unfortunately nerve-muscle 
physiology is not simple, and facts are now needed, not theories. The 
time has not come to put forward a new terminology, nor have we 
adequate knowledge and wisdom to frame such a new nomenclature. 
The aim of the present paper is merely to emphasize the fact that 
voluntary muscular contractions, clonic and tonic convulsive contrac- 
tions, phasic reflexes and postural reflexes, are all fetanic in character. 
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THE SEQUEL OF ENCEPHALITIS LETHARGICA: 


BY A. G. DUNCAN, M.D. 


SINCE encephalitis lethargica was first reported as an epidemic 
disease in 1917 much has been written about it in the medical litera- 
ture throughout the whole of the civilized world. It is natural that a 
disease which presents such striking variety in its clinical features 
should give rise to considerable discussion concerning its etiology, patho- 
logy and symptomatology. More recently, however, attention has been 
drawn to the clinical conditions following the acute phase, the nature 
of which shows that the disease is even more serious than the study of 
its earlier manifestations indicated. The object of this investigation is 
to trace a series of consecutive cases from the acute stage to the condi- 
tion of permanent after-effects, and to consider the nature and course 
of the various sequel. 

For this purpose a number of consecutive cases which came under 
observation in the London Hospital was investigated; only those 
patients were included in whom the diagnosis of encephalitis lethargica 
appeared to be beyond doubt. In many cases of the disease more or 
less severe symptoms persist for a long period after the acute stage, and 
in many others there is a considerable interval between apparent 
recovery and the onset of serious seyuele. ‘This series, therefore, 


includes only those patients who could be followed at least eighteen 


months after the onset. 

Between March, 1918, and September, 1921, there were admitted 
to the London Hospital 136 cases of encephalitis lethargica, of which 
35 ended fatally in the acute stage. Of the 101 patients who survived 
the acute attack 16 could not be traced, although in 6 cases there was 
evidence that the patient was recently alive and in good health; 2 were 
in distant institutions, and are included only in consideration of their 
mental state ; the remaining 83 were traced, and these form the main 
material of this thesis. 

It was found that in many cases the after-effects closely resembled 


' The extract of a thesis approved by the University of London for the degree of Doctor 
of Medicine. 
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the nervous features of the acute stage of the disease; in others they 
were conditions arising during or after convalescence, with little or no 
apparent relation to the symptoms of the original attack. The term 
“sequele ” is here used to include both these groups. 

As in the acute stage itself, the symptoms and signs of the sequele 
of encephalitis lethargica can be classified as mental and physical ; 
usually there is no clear relation between these groups, and it is found 
convenient to consider them separately and to describe with the physical 
conditions any mental disturbances closely associated with them. The 
mental sequele are, therefore, considered first. The total number of 
cases considered in each section varies slightly, as it was not possible 
to obtain full information in every case. 


MENTAL SEQUEL. 


These vary from minor defects, such as impairment of memory and 
alteration of sleep rhythm, to more severe conditions, such as neuroses, 
mental deficiency and insanity. Among seventy-eight patients, 


apparently permanent mental sequel were found in fifty-six, or about 


seven-tenths of the total. The age incidence of these is shown in 
Table I. 
Taste I.—AGrE INCIDENCE OF ALL TyPpES OF MENTAL SEQUELA®. 
Age Number of cases Number with mental sequela 
0—10 aa 2° ae 14 (about six-tenths) 
11—20 . ¢ 16 (about eight-tenths) 


21—30 ad l - 9 (about six-tenths) 
Over 30 - : ‘se 17 (about seven-tenths) 


Defective memory was a frequent complaint; in a few cases it was 
stated to be worse for recent events, but as a rule it was defective 
equally for recent and remote incidents. In no case was the defect a 
severe one, though occasionally it was sufficient io interfere with the 
norma! occupation of the patient, and probably it was a cause of back- 
wardness in some of the children of school age. Defective memory 
was frequently associated with difficulty in fixing the attention; this 
inability to concentrate also occurred without forgetfulness, and was in 
some cases a cause of the patient having to give up or change his work. 

Abnormal drowsiness was a frequent symptom among patients in 
whom lethargy was a marked feature of the acute stage; it was more 
often found in adults than in children. In some cases it alternated 
with insomnia or disturbed sleep; these patients complained that they 
were drowsy during the day and restless at night, or that they constantly 


awakened after a few hours sleep. 





ORIGINAL ARTICLES AND CLINICAL CASES 


Alteration in disposition was acommon result of the disease. Among 
adults, abnormal irritability and bad temper were complaints frequently 
made by either the patient or his relatives; in children fits of passion were 
often associated with other evidence of mental impairment. ‘“ Nervous- 
ness ’’ was an occasional complaint, usually with vague, ill-defined fears : 
one man had a morbid fear of ladders; another could not bear to be 


alone in a crowd. 

Definite neuroses and psychoneuroses were also seen as sequele : 
one example of hysteria occurred in a girl, aged 12, who had spasmodic 
twitching of the flexors and adductors of the left arm, with complete 
hemianesthesia ; another patient, a girl, aged 8, experienced periods 
of dissociation of about five minutes’ duration, in which she was com- 
pletely oblivious to her surroundings. Similar states of dissociation 


occurred also in adults; one man who recovered after a long period of 
mania would walk up and down the street for twenty or thirty minutes 
without apparent consciousness, and with no subsequent recollection, of 
his actions; another would walk some distance and carry out peculiar 
actions during an attack ; similar tendencies were observed in a woman 
who had recovered after being maniacal for three months. A boy, 
previously honest, could not resist stealing whenever he had an oppor- 
tunity, although he realized the nature of his offence ; similar impulsive 
acts were features in a neurotic girl; another child would steal things 
in order to give them away. 

Various degrees of mental deficiency were found ; of nine children 
who were below the age of 6 at the time of the acute attack, six were 
backward in mental development when seen two to three years later ; 
the other three, in all of whom the original illness was comparatively 
mild, were normal. In one child of 9 years there was gross mental 
deficiency, amounting almost to imbecility. 

A girl of 14 years recovered from the acute stage with the residual 
signs of unequal pupils and exaggerated knee-jerks, but remained very 
apathetic. A few months later she was admitted to a mental asylum as 
a typical case of dementia precox; her condition gradually improved 
until three years after the onset of the illness, when she became restless, 
noisy and delusional; after a period of excitement she passed through a 
dull, stuporose phase, and finally became bright and intelligent. For 
the last ten months she has been apparently normal. 

In other cases the patient passed into a condition of manic-depressive 
insanity; a man in whom hallucinations and delusions were present 
early in the illness became violently maniacal and remained in this 
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state for ten months; he then improved and finally recovered fifteen 
months after the first attack. Another patient became maniacal in the 
third week of her illness; she remained in an excited state for three 
months and then made a good recovery ; she is now somewhat defective 
mentally and is periodically liable to states of dissociation. 

Depression and melancholia were also encountered. A number of 
patients complained of a feeling of depression, either constant or in 
attacks; this was frequently caused by physical disability, but in some 
cases there was no such basis for it. A man of 47, who was left with 
slight rigidity of his limbs and expressionless face, but without any pro- 
nounced disability or progressive signs, became very depressed about 
his condition, and after nearly two years he committed suicide by cutting 
his throat. Another man was very strange in his manner for three 
months following the illness; he said and did strange things, was very 
depressed and lachrymose and talked of suicide; he finally recovered 
and is now perfectly well and has no recollection of his actions during 
the period of mental aberration. A woman of 53, in whom lethargy 
was a pronounced feature of the acute stage, subsequently became very 
depressed ; she now has frequent attacks during which she is delusional 
and more or less disorientated. 

The relation of age to the severity of the mental sequel is shown in 
Table II, which includes only patients with comparatively severe defect, 
such as neurosis or mental deficiency. 

TaBLE II.—RevatTion oF AGE TO SEVERITY OF MENTAL SEQUEL®. 
Number of cases Number of cases with severe sequeix 
10 ; 22 e 9 (about four-tenths) 
20 iia 19 bi 5 (about three-tenths) 
21—30 — 14 (about one-tenth) 


2 
31—40 e 12 os 4 (about three-tenths) 
Over 40 = 1] 2 (about two-tenths) 


It appears that children under 10 are the most liable to severe 
mental sequele, and that the liability diminishes in the next two 
decades ; the high figure for the ages 31 to 40 is due to the inclusion in 
that decade of certain patients with the Parkinsonian syndrome in whom 


there was severe mental disturbance. Children are naturally more 
affected, since there is arrested or impaired development as well as the 
defect due to actual damage of the brain. Sex appears to have little or 
no predisposing effect to mental sequele. 

When the mental sequele are compared with the nature and fre- 
quency of the general disturbance of the acute stage a close relationship 
is found between the two. In this series of cases there were seventeen 
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patients in whom positive mental signs, such as restlessness, delirium 
and mania, were marked features of the acute illness; of these only two 
showed severe and permanent mental after-effects; one of them is 
backward in mental development and the other suffers from anxiety 
hysteria. In two patients with positive mental signs these persisted in 
one case for three months, in the other for fifteen months, but were not 


permanent. In fifty-nine cases the acute stage was characterized by 


negative mental symptoms, such as lethargy, drowsiness and coma, and 
of these twenty patients developed comparatively severe mental changes. 
Among thirteen patients who became backward or feeble-minded, 
drowsiness was present in every case early in the acute stage, and in all 
except two was very marked, in some cases to the degree of unconscious- 
ness ; In only one case was the attack of a mild character. 

The evidence of these cases shows that early and marked negative 
mental signs in the acute stage are associated with severe mental 
sequel ; positive mental signs have not the same significance. This is 
supported by the histories of twenty-three patients who recovered with 
no mental sequel ; drowsiness was a marked feature of the illness in 
only four, in sixteen it was slight or absent, and positive mental signs 


predominated in the other three. 


PHYSICAL SEQUEL. 
(1) Cranial Nerve Palsies. 


These were found in fifty-seven out of seventy-five patients, and in 
nearly every case appeared to be the residual signs of lesions present 
during the acute illness ; in twenty-seven cases they were the only signs 
of organic disease of the central nervous system; in thirty they were 
present with other lesions. 

As in the acute stage of the disease, ophthalmoplegia was the most 
frequent of the cranial nerve palsies ; the following list shows the com- 
parative frequency with which ocular and pupillary changes were 
observed :— 

Ptosis 

Strabismus 

Diplopia oe 

Weakness of convergence 

Nystagmus ‘id te 

Unequal pupils ee 

Irregular and eccentric pupils 

Defective reaction to light i pe oe 
Defective reaction on convergence and accommodation 
Argyll Robertson pupils 
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Ptosis was present in six cases, but was never complete; in three 
cases it was bilateral, but one side more affected than the other ; in three 
it was unilateral. In every case there were other indications of a third 
nerve lesion. 

Strabismus was observed in seventeen patients : in ten it appeared to 
be internal and in seven external. In nine cases it was associated with 
diplopia, which was rarely constant, the usual complaint being that of 
double vision when tired, or after prolonged use of the eyes in reading, 
writing or sewing. A number of patients stated that diplopia persisted 
for several months after recovery, and then gradually disappeared. 

Inequality of the pupils was seen in twenty-nine cases: in nearly 
all of them this sign was associated with some other deiect, such as 
irregularity or impaired reactions ; these disorders were more pronounced 
in the larger pupil. 

Irregularity or eccentricity of the pupils occurred in twenty-eight 
cases, in twenty-one of which both sides were affected; defective 
reactions were usually also found. 

Defect of pupillary reaction was a frequent sign; the light reflex 
was impaired or absent in twenty-one cases, in all except one of which 
the defect was bilateral. Impaired or absent reaction on accommodation 
was observed in twenty-nine cases, with both eyes affected in twenty- 
seven. In eighteen cases there was defective response both to light and 
on accommodation, and in two cases bilateral Argyll Robertson sign 
was seen. 

Nystagmoid movements were present in nine cases; in seven the 
movement was coarse, irregular and in the horizontal plane; in one case 
the movement was both horizontal and vertical, and in one it was fine 
and rapid. Thenystagmus was associated with weakness of the internal 
or external recti in six cases, and in the other three there were changes 
in the pupils and their reactions. 

Defective ocular movement was seen in thirty-seven cases; in four 
of these with Parkinsonian rigidity movement was very limited in all 
directions. In eleven cases there was weakness of the internal rectus 
and in fourteen cases the external rectus was affected. Defective 
power of convergence on one or both sides was found in thirty-two 


cases, and in twenty-five of these it was associated with impairment or 
absence of the pupillary reaction on accommodation. 

Impairment of vision, apart from diplopia, appeared to depend on 
defective power of convergence and accommodation. Optic atrophy 
has been recorded as occurring after encephalitis lethargica ; it was not 
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observed in this series of cases, nor was any other abnormality of the 
optic disc or retina seen. 

Impaired movement of one or both sides of the face was found in 
thirty-six patients. In twenty-two cases of Parkinsonian rigidity it was 
bilateral, and in six of these one side was more affected than the other. 
In the other fourteen cases the defect was unilateral, and of the upper 
motor neuron type in four and the lower motor neuron type in ten. In 
ten cases there was weakness or paralysis of the tongue or soft palate 
on the same side as that of the face, or in bilateral cases on the side on 
which the facial weakness was more marked. In most cases of facial 
paresis there was also weakness of ocular muscles or changes in the 
pupils. Tremor of the lips commonly accompanied facial weakness, and 
in some cases tremor of the eyelids. 

The tongue was affected in nineteen cases. In one case of Parkin- 
sonian rigidity it was wasted on both sides and its movement very 
limited; in another there was almost complete paralysis, with coarse 
tremor but without marked wasting. In two cases of hemiparesis the 
tongue was wasted on, and drawn over to, the affected side. In nine 
cases there was slight deflection to one side on protrusion but no wast- 
ing. A coarse tremor was present in nine cases, in six of which there 
was no paresis. As a rule weakness of the tongue was associated with 
weakness of the face or soft palate, or of both, but in one case it was the 
only indication of cranial nerve palsy; in three cases it was present with 
ocular palsies. Four cases showed weakness of one side of the soft 
palate; in three of these there was limited movement of the same side 
of the face, and in the other the same side of the tongue was affected. 

Tachycardia was found in one patient, a girl, in whom it was a marked 
feature during the acute stage and convalescence ; after two years she still 
maintained an average pulse-rate of 120 without any sign or symptom 
of myocardial failure. The only other physical signs on examination 
were inequality and impaired reaction of the pupils, lateral nystagmus, 
defective convergence, and coarse tremor of the tongue. 

Difficulty in swallowing was alleged in the case of a boy with hemi- 
plegia ; difficulty in mastication and constant dribbling of saliva were 
present in patients with advanced Parkinsonian rigidity, but these 
appeared to have no dysphagia. Articulation was more or less defec- 
tive in six cases, depending on paresis of the tongue and lips; no examples 
of aphasia were met with. 
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(2) Symptomatic Paralysis Agitans. 


Twenty-three patients presented one or more features characteristi- 
cally seen in Parkinson's disease, viz., tremor, rigidity and the peculiar 
posture, expression and gait; these are grouped together as cases of 


“‘ symptomatic paralysis agitans.’’ In them all degrees of severity of the 
lesion are seen, from the combination of mask-like expression and slight 
rigidity with little disability, to the condition of extensive rigidity, with 
or without involuntary rhythmical movements. The following is a 
typical case :— 


No. 61. S. C., a boy aged 19, had a comparatively slight attack of 
encephalitis lethargica in June, 1920, with insomnia, headache, and later 
drowsiness; there was also twitching of the limbs for two days at the onset, 
He came under observation a few weeks later, complaining of persistent drowsi- 
ness; at that time there were no physical signs of nervous disease. Seven 
months after the commencement of the illness he complained of occasional 
twitching of the hands and face, and at the same time it was noticed that the 
face was expressionless ; otherwise there were no abnormal physical signs. 

Four months later the mask-like face was more pronounced, especially on 
the left side; the left arm was weaker than the right and slightly rigid : move- 
ments were slow and deliberate; lateral movement of the eyes was limited and 
the pupils were very sluggish in reaction to light and on accommodation. 
Later, tremor became constant in the left arm and extended to the left leg: 
25 years after the original illness the typical Parkinsonian attitude was 
present, with tremor and general rigidity, more marked on the left side, mask- 
like face and festinant gait; the left limbs were very weak and the muscles 
slow in attaining their maximum contraction: in the right limbs power was 
only slightly diminished. The pupils were small, irregular and eccentric, and 
very sluggish in reaction, both to light and on accommodation; movement 
of the eyes was limited and slow, but there were no ocular palsies. The 
tongue was wasted and tremulous and the uvula drawn over to the right. 
There was constant coarse tremor of the left arm, and less constant tremor of 
the left leg. All tendon reflexes were increased, the abdominal reflexes were 
exaggerated, the left more than the right, and the plantar reflex was extensor 
on the left side. Wasting was severe and general, but more marked in the 
left limbs. The sphincters and sensation were unaffected. The patient showed 
gradual progression of the disease from the onset of the tremor; he developed 
bed sores and broncho-pneumonia, and died at home in April, 1923, three 
years after the appearance of the initial symptoms. It was unfortunately 
impossible to obtain a post-mortem examination. 


In this case the striking features of the sequela are: (1) the interval 


which elapsed between the subsidence of the acute stage and the onset 
of further symptoms; (2) the severity of the disorder which ultimatel) 
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developed; and (3) the steady progression of the disorder, with a 
fatal termination after 3 years. Not all patients with symptomatic 
paralysis agitans display these features; of the 23 cases in this series 
the symptoms were stationary or very slowly progressive in 6, and 
definitely progressive in 17. Four of these 17 died at intervals of 1, 13, 
1}, and 3 years respectively after the attack; 1 died of abdominal 
actinomycosis after 3 years, and 12 are at present alive. Of these 12 
cases of steadily progressive disease of the nervous system, at periods 
of 2 to 44 years after the original attack, 8 are in a comparatively 
advanced stage and 4 show the syndrome in less severe degree. In the 
6 patients in whom there appears to be little or no tendency of the 
condition to progress this sequela is manifested in a comparatively mild 
form, such as the presence of slight rigidity with immobility of the 
face and fine tremor of the limbs. 

The relation of the onset of the sequelew to the acute stage is also 
variable; seventeen patients developed symptoms of paralysis agitans 
several weeks or months after the acute symptoms had subsided. In six 
cases the symptoms were present during the acute stage. and were con- 
tinued as sequele, although in three there was an interval of a few 


weeks’ improvement before the progressive nature of the condition 


became apparent. 

Certain features of symptomatic paralysis agitans now require con- 
ideration in detail. 

(a) Tremor.—The involuntary movements of symptomatic paralysis 
agitans are produced by the alternating contractions of a group of 
muscles and its opponents; this tremor may be unilateral or bilateral, 
and if the latter, one side is nearly always more affected than the 
other. It is usually most marked in the upper limb, in which the 
maximum movement is at the elbow, or less often at the wrist. In the 
lower limb, which is not so frequently affected as the upper, the move- 
ment is maximal at the ankle. In amplitude it varies from a slight 
fine tremor to a coarse movement of 10 or even 15 degrees. The average 
rate is about five contractions a second, but in the finer movements it 
may be as high as ten a second; the movement varies from time to 
time in both amplitude and rate. The tremor is constantly present 
except during sleep, when it is absent; emotional disturbance invari- 
ably increases it; it can usually be diminished, or in mild cases 
temporarily arrested, by voluntary effort to fix the limb; voluntary 
movement frequently but not invariably increases both its rate and 


extent. 
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The movement is reduced to a minimum when the limb is both 
supported and voluntarily fixed, and many patients adopt an attitude 
calculated to attain this object; when walking the affected arm is held 
tightly pressed to the side, the elbow flexed, with the forearm across the 
front of the chest, and the fingers and thumb flexed at the distal joints. 
When lying down the arm is held either close to the side with the elbow 
extended, or flexed across the body, the fingers locking with those of 
the other hand. 

The movement is often inhibited for one or two seconds by stimulat- 
ing the tendon reflex of one of the muscles concerned ; in one patient 
the biceps jerk was brisk and followed by rapid relaxation, and the arm 
was steady for at least two seconds after the response. 

In one patient who showed the expressionless face and slight general 
rigidity more marked on the left side, the tremor was present only in 
the left leg when the limb was flexed at the knee to an angle of about 
120°; in this patient the left arm was rigid and the biceps contracted; 
so that the limb could not be fully flexed at the elbow. 

In more than half the patients with symptomatic paralysis agitans 
with tremor of the limbs, there is also a tremulous movement of the 
face or tongue, or of both. In the face the tremor is usually confined 
to the lips, but in a few cases the orbiculares palpebrarum are affected 
also. Tremor may affect the whole tongue or be confined to one side 
of it; when it is present there is usually wasting of the whole tongue 
or of the side affected, and tremor of the lips is a constant accompani- 
ment. The muscles of the trunk do not seem to be involved. 

In nearly two-fifths of these patients tremor is either absent or 
confined to the lips and tongue; in such cases there is usually marked 
rigidity. 

(b) Rigidity.—Rigidity is a constant feature of symptomatic paralysis 
agitans, but varies considerably in the degree to which it is present. In 
some patients there is only a little rigidity of the lower limbs on passive 
movement; in others there is a marked general rigidity with typical 
stooping posture and festinant gait. The rigidity is of the “ lead-pipe”’ 
variety, and is maintained, and frequently increased, against passive 
movement. As arule the flexors are more affected than the extensors. 
Catalepsy may be present; in this series flexibilitas cerea was observed 
in two patients. The face was frequently expressionless to a degree 
quite out of proportion to the rigidity of the body. Voluntary power, 
even in advanced cases, may be surprisingly good, but all movements 


are slowly performed. Similarly the face, though quite expressionless 
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in rest, may show an almost perfect degree of voluntary movement. 
One patient showed no limitation of facial movement, but there was a 
tendency for any new attitude to be maintained for an abnormal length 
of time; thus, for example, a wide, fixed, unnatural smile sometimes 
persisted for several hours at a time. 

Constant dribbling of saliva was observed in many patients, and is 
probably to be explained by the infrequent deglutition and the per- 
sistently open mouth. 

Cases have been reported in which the patient, though prevented by 
the rigidity from walking, has shown a surprising facility for certain 
other automatic movements, such as cycling. This is no doubt a 
variation of the picture in which a patient may be almost unable to 
perform an isolated voluntary movement, such as flexion of the leg, and 
yet have quite good power of walking though with festination and 
retropulsion. 

(c) Refleres.—Tendon reflexes in cases of symptomatic paralysis 
avitans are nearly always exaggerated, and some degree of ankle clonus 
and knee clonus may be present. In the milder cases with only slight 
rigidity the tendon reflexes are usually normal. 

The abdominal reflexes are nearly always abnormal but show no 
constant changes ; as a rule they are greatly exaggerated and the more 
the rigidity the brisker the response. ‘They are usually more marked 
on one side than on the other. In a few cases even with marked 
rigidity the abdominal reflexes are diminished, or they may be absent 
on the more affected side and present on the side of less rigidity. 

A peculiar phenomenon observed when testing the abdominal reflexes 
was their apparent susceptibility to fatigue; this was best seen in the 
most rigid cases; the reflex when first elicited gave a brisk response, 
but after repeating the stimulation two or three times there was no 
response, and one or two minutes’ rest was required before the reflex 
could again be obtained. By this means the responses which were more 
pronounced on one side could be exhausted so that the reflexes appeared 
to be brisker on the other side. 

The plantar reflex is equally variable in its response ; as a rule cases 
with marked rigidity and increased tendon reflexes give extensor 
responses showing that the pyramidal tracts are affected. In some 
cases the response is extensor on the more rigid side and flexor on the 
less affected side. 

(d) Cranial nerve palsies.—These are found in at least nine-tenths 
of cases of symptomatic paralysis agitans, oculo-motor defects being the 
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most common. Some degree of ophthalmoplegia was found in fifteen 
out of nineteen cases, the most frequent signs being irregular, unequal 
pupils and defective reactions to light and on accommodation and con- 
vergence. In eight cases one side of the face moved less than the other ; 
in six there was weakness of one or both sides of the tongue, and in 
two the soft palate was affected. In only three cases was there no sign 
of affection of the cranial nerves. 

(e) Mental state——The degree of mental impairment in these cases 
seems to vary directly with the severity of the physical condition. 
Those patients in whom the clinical features of paralysis agitans are 
present only in slight or moderate degree have little or no mental dis- 
turbance. Complaints of impaired memory, difficulty in fixing the 
attention and alteration of sleep rhythm are met with as in patients 
without the Parkinsonian syndrome, but not to any greater extent than 
in these. One patient is feeble-minded, but there is evidence that he 
was somewhat backward before the illness. 

In four more advanced patients, all women, the mental disturbances 
are remarkably alike; the patients are irritable, depressed and emotionally 
unstable, becoming melancholic and lachrymose on the least provocation, 
but intelligence is good and there is no impairment of perception. 
One of them, in whom the physical condition became rapidly progressive 
three years after the acute stage, has occasional periods of confusion 
lasting a few hours or days. 

In the most advanced conditions mental activity seems to be almost 
absent ; one patient, a girl, aged 18, lies motionless, apparently hearing 
and seeing nothing and taking no interest in her surroundings; yet she 
has perception and her face slowly assumes a smile of recognition when 
she is visited. Until recently she could read English and Hebrew, and 
assist her younger brothers and sisters in arithmetic. In another 
woman, who is still able to walk with assistance, all emotions seem to 
be dormant, but perception and memory are there, for after a long 
reaction period she recognized a patella hammer and showed that she 
was aware of its use. It would seem as if in these cases there is a pro- 
gressive paralysis of the mind closely analogous to the rigidity of the 
body, without there being of necessity proportional mental deterioration. 

It is evident that in their main clinical features there is a close 
resemblance between symptomatic paralysis agitans and Parkinson's 
disease ; in each there is general rigidity giving rise to the mask-like 
face, typical posture and gait; tremor is usually present but may be 
absent; and there is a steady progression towards a fatal ending which 
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is finally brought about by some complication or intercurrent disease. 
When, however, the two conditions are examined in greater detail, 
slight but almost constant differences are found. 

The tremor of symptomatic paralysis agitans differs from that of 
Parkinson's disease in its rate and distribution; in the latter disease 
the movement is slower and is most marked in the fingers and 
thumb, giving the “ pill-rolling ’’ appearance, a contrast with the post- 
encephalitic alternating flexion and extension at the elbow. The 
face and tongue, which are less often affected in Parkinson’s disease, 
are frequently tremulous in symptomatic paralysis agitans. 

Alterations in reflexes indicating a lesion of the pyramidal fibres, 
cranial nerve palsies, and mental impairment are features very rarely 
seen in Parkinson’s disease. 

Other marked differences are those of age, sex and clinical course. 
Parkinson’s disease rarely occurs before the age of 45, and is more 
common in men; it is very slowly progressive and may take years to 
reach its fully developed form. Symptomatic paralysis agitans is much 
more common before the age of 36, and is seen in women at least as 
frequently as in men. It often runs a rapidly progressive course, some- 
times leading to death in twelve or fifteen months. Its course, too, is 
more irregular, with relapses and remissions which are not seen in 
Parkinson’s disease ; and there is usually a history of an acute illness at 
a variable period before the onset. 

It has been suggested by some observers that Parkinson’s disease is 
a chronic condition following an attack of encephalitis lethargica; the 
clinical evidence of this series of cases and of others is strongly opposed 
to that opinion, and indicates that symptomatic paralysis agitans, 
although resembling Parkinson’s disease in the site of its lesion, is quite 
independent of that condition. 


(3) Post-encephalitic Chorea. 


A feature which enables a large number of cases of post-encephalitic 
conditions to be grouped together is the presence of involuntary 
choreiform or irregular movements. Case 73 illustrates this condition. 


No. 73. A.B,, a married woman, 32 years old. In January, 1919, she 
complained of headaches with occasional fits of shivering for two weeks, and 
in the last two days drowsiness, thirst, stiffness of the limbs and incontinence 
of urine. On admission to hospital she was unconscious; the fundi were 
normal in appearance and there appeared to be no ophthalmoplegia; the limbs 
were rigid and the tendon reflexes brisk. The cerebrospinal fluid contained a 
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slight excess of small lymphocytes. There was continued pyrexia of 100° to 
101° during the first two and a half weeks, and after that occasional transient 
pyrexia. For five weeks nasal feeding was required, after which the patient 
became conscious and able to swallow. 

Eight weeks after the onset slight choreic movements appeared in the 
arms and fingers, and these extended with increasing intensity to the lower 
limbs and trunk. The movements were irregular and spasmodic, but not quite 
so sudden as those of Sydenham’s chorea, probably owing to the rigidity which 
persisted. They could be slightly diminished by voluntary effort, and much 
more so by voluntary movement; they would almost cease while the patient 
lifted and drank from a cup of tea, but would immediately recommence when 
the movement was completed; they were absent during sleep. They were 
quite unaffected by any sedative drugs, and an attempt to control them with 
splints had to be abandoned owing to pressure sores. 

This condition continued, with gradual wasting of the whole body, until 
March, 1920, fifteen months after the onset of the disease, when the move- 
ments began gradually to diminish in intensity. They were still very severe in 
May, 1920, when the patient was transferred to another hospital. In August, 
1920, tenotomies were performed to relieve the spastic, flexed condition of the 
lower limbs; the movements entirely ceased in October, 1920. By March, 
1921, the patient could walk without assistance and at the end of the summer 
of that year considered herself completely restored to health. During the 
period of recovery her weight increased rapidly, and she is now stouter than 
she was before the onset of the illness ; otherwise she has no symptoms. The 
pupils are unequal and irregular, and there is weakness of the right side of the 
face and tongue ; sensation, reflexes and voluntary power are all normal and 
there is no involuntary movement nor inco-ordination. 

In this series of cases there were twenty patients who displayed 
choreiform movements during the course of the disease. In eighteen of 
them these appeared before the end of the first week, usually during 
the first few days; in one case they appeared during the second week, 
and in Case No. 73, described above, their onset was delayed until eight 
weeks after the initial symptoms. The disappearance of the movement 
was more variable; seven patients showed them only during the acute 


stage; in two cases they lasted for a few weeks after the subsidence of 


the acute symptoms. One patient retained them for twenty months, 
and in ten, at intervals of two to four and a half years after the onset, 
they still persist in more or less degree. Of these ten patients, in six 
there is a steady improvement, and in four, in whom the movements are 
only slight, the condition appears to be stationary. 

This type of sequela is seen after encephalitis lethargica in about 
one-sixth of the cases. The movements are usually similar to those 
of Sydenham’s chorea ; in their mildest degree they are slight, abrupt 
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twitchings of a purposeless and non-repetitive nature occurring in the 
limbs, face, tongue and rarely in the trunk, causing the patient to appear 
restless and fidgety. In the most severe form the affected limb or even 
the whole body may be violently jerked by abrupt contractions of 
muscles or groups of muscles, or there may be unceasing irregular 
movements of varying rapidity. All variations between these extremes 
are seen. In patients showing slight twitchings the muscles are usually 
hypotonic ; the irregular, more continuous movements, less abrupt than 
those of Sydenham’s chorea, are usually associated with some degree of 
rigidity of the muscles. 

Like the tremor of symptomatic paralysis agitans, choreiform move- 
ments may be generalized, in which case they may be more marked 
on one side, or they may be limited to one or more regions; rarely they 
are limited to one side of the body. They are nearly always associated 
with some weakness, usually of only a slight degree of the muscles 
concerned. It is difficult to estimate the accuracy of co-ordination, 
but there is certainly no marked ataxia. The movements can be 
inhibited or arrested by voluntary effort at fixation in mild cases, and 
even in the most violent forms they may be completely inhibited during 
voluntary associated movement. During sleep the movements usually 
cease, but slight localized twitchings may still persist. 

A striking feature of the choreiform movements is their tendency to 
diminish. In this series the movements were early in onset in all 
except one case, and all showed the tendency to improvement—although 
in some cases only after an interval. There are, however, cases reported 
in which choreo-athetoid movements appeared as a late sequela a con- 
siderable period after apparent recovery. 

The ten patients in whom choreiform movement was a sequela 
showed very little other evidence of any lesion of the central nervous 
system. Some degree of ophthalmoplegia was seen in four cases; one 
patient had hemiplegia associated with choreiform movements; in six 
patients there were no other abnormal physical signs. 

There is no characteristic mental condition associated with this 
type of sequela; of the ten patients in whom choreiform movements 
persisted, three had no symptoms at all of mental disturbance; four 
complained of drowsiness, two were mentally deficient in a slight 
degree, and one had symptoms of anxiety hysteria. 


(4) Hemiplegic and other Types. 


Apart from residual cranial nerve palsies the Parkinsonian and 
choreiform syndromes are the only clinical features which appear to be 
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common to a large number of patients. There are, however, other 
cases of more or less serious lesion of the nervous system. 
Hemiplegia occurred in four cases. 


In one of these—a boy, aged 3—the onset was characterized by 
pyrexia, drowsiness, photophobia, and ptosis; between the third and sixth 
weeks there appeared weakness of the right side of the face, palate, and tongue, 
with spasticity, weakness, and a coarse tremor of the right limbs. The 
cerebrospinal fluid contained excess of small lymphocytes and protein. At 
present, four and a half vears after the onset, he has a typical right hemiplegia, 
affecting the face, tongue, palate, arm and leg, and a coarse tremor of the 
right limbs. The pupils are small, irregular, and sluggish in reaction to light, 
with no reaction on accommodation: convergence is very defective; articula- 
tion is impaired. On the right side the tendon retlexes are exaggerated, the 
abdominal reflexes absent, and the plantar reflex extensor. There is mental 


impairment, and the condition appears to be getting worse. 
The other cases of hemiplegia are similar to this—in all of them 
the face is affected, and there is some degree of ophthalmoplegia. In 


one case choreiform movements are present with hemiplegia. 
One patient shows a spastic paresis of the left leg, with diminished 


lower abdominal reflexes on the left side. 


In Case No. 37 the lesion is mainly localized to the cord. This patient's 
illness commenced in May, 1920, with headache, pain in the back and drowsi- 
ness: she had a right facial paresis, paralysis of the right external rectus, 
spasticity of the lower limbs and loss of control of the sphincters. The 
Wassermann reaction was negative. She made a slow but good recovery, and 
ten weeks after the onset there remained only a slight spasticity of the lower 
limbs, and diplopia; the latter symptom soon disappeared. The spasticity 
remained unchanged for about two years without causing any disability; in 
August, 1922, it became rapidly worse. Examination at this stage showed 
unequal pupils with defective light and accommodation reactions, and spastic 
paraplegia, the extensors more affected than the flexors. Later, there was 
complete paralysis of the lower limbs and loss of cutaneous and deep sensation 
below the levels supplied by the eighth dorsal segment on the right and the 
twelfth dorsal segment on the left. Sphincter control was lost for two weeks, 
after which there was gradual improvement in sensation also. 


(5) Trophic Changes. 


Most of the patients with symptomatic paralysis agitans in an 
advanced stage were more or less wasted, and in cases of hemiplegia 
there was some atrophy of the affected muscles, probably due to disuse. 
Emaciation was not seen apart from serious and progressive disease of 
the central nervous system. 
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Seven patients—five women, one girl, and one boy—complained of 
adiposity following the illness; usually there was rapid increase of 
weight during the few weeks or months following convalescence, but 
in one case it was delayed until the cessation of choreiform movements, 
nearly two years after the illness. In the case of the boy, who was 
10 years old when attacked by the disease, the deposit of fat showed a 
feminine distribution, and at the age of 13 there were no signs of 
secondary male sexual characteristics. 

In the other cases the distribution of fat was general. In one 
woman there were other changes suggesting dyspituitarism, as promi- 
nence of the lower jaw, enlargement of the hands, thick clumsy 
fingers, coarse, dry, cracked skin, and slight diminution of the right 
field of vision in the upper and outer quadrants. The retine appeared 
normal. This patient, two years after the illness, was definitely 
improving in general condition and losing weight. 

Associated with the trophic disturbances in these cases were certain 
changes in mentality. The patient who before her illness was of bright 
and cheerful disposition, became apathetic and disinclined to make any 
mental or physical effort, to a degree which could not be accounted for 
by obesity alone. Some patients were irritable and bad-tempered in 
marked contrast to the previous temperament. These patients slept 
heavily, and drowsiness during the day was a frequent symptom. 


(6) Sensory Changes. 


Defects of sensation were observed in only two cases—in one there 
was anesthesia with the paraplegia caused by a myelitis; in the other 
there was hysterical anzsthesia. 

Abnormal subjective sensations were more common. Headaches 
were a frequent symptom, and usually were referred to the frontal 
region or vertex; three patients complained of a sensation of great 
pressure on the vertex. Formication was a symptom in one patient ; 
another complained of tingling sensations in the arms. In two cases 
there were painful muscular spasms, and in one of these there were 
also shooting pains in the lower limbs 


Factors influencing physical sequele.—In reviewing the mental 
sequel of encephalitis lethargica, it was seen that the greatest liability 
to these is in children below the age of 10, and that early and marked 
negative mental signs are associated with the subsequent development 
of severe mental sequela. ‘Table III shows the relation of the physical 
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sequel to the age at the time of the acute attack; for this purpose only 
cases of severe sequele have been included :— 


TaBLE III.—RewvaTion oF SEVERITY OF PuysiIcaL SEQUEL TO AGE 
Age Number of cases Number with severe physical sequel 
G.. § os 9 7 1 (about one-tenth) 
6-10 it 12 ies 1 (about one-tenth) 

11—15 ie 11 ws 3 (about three-tenths) 
16—20 - 11 an 6 (about seven-tenths) 
21—30 ial 14 a 9 (about six-tenths) 

31—40 es 12 oe 8 (about seven-tenths) 
41—50 per 9 " 3 (about three-tenths) 
51—60 a 3 - 1 (about three-tenths) 


It appears that severe physical sequelae are most common in patients 
between the ages of 20 and 40, and that there is no special predisposi- 
tion in children to these after-effects. With two exceptions, the severe 
and progressive cases of symptomatic paralysis agitans occurred among 
patients between the ages of 13 and 35. 

It appears that neither sex is more liable to physical sequele, but 
in severe cases of symptomatic paralysis agitans women outnumbered 
men in the proportion of three to one. 

When describing post-encephalitic chorea, it was observed that the 
condition bore a definite relationship to the nature of the acute stage, 
in that the choreiform movements nearly always commenced very early 
in the course of the disease. Similarly hemiplegia and monoplegia 
were the result of persistence of conditions which were present during 
the acute stage. In this series the patients with symptomatic paralysis 
agitans had passed through an attack of acute encephalitis lethargica 
sufficiently severe to be recognized and treated in hospital, but these 
attacks had varied considerably in their relative severity, and presented 
no constant features. Further, it is not uncommon to find the Parkin- 
sonian syndrome appearing after an acute phase so mild as not to be 
recognized at the time, or to be considered as an abortive case. 

It appears, then, that the nature of the acute stage of the disease 
has no influence on the severity of the symptomatic paralysis agitans 
which follows. In this series, however, a relatively long period of 


apparent recovery was associated with a severe and progressive sequela, 
and the physical conditions developing shortly after recovery from the 
acute phase were comparatively mild and either stationary or only 


slowly progressive. 
PROGNOSIS. 
The patients whose histories have been reviewed in this thesis were 
the survivors of 136 cases of acute encephalitis lethargica treated in 
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the London Hospital between March, 1918, and September, 1921; the 
mortality of these cases was 26 per cent., a figure which, although much 
below the average mortality of notified cases, probably represents 
accurately the average death-rate in all cases of the disease, including 
the mild and abortive types. But the fatal results of the disease do not 
end there; in this series of cases nearly 6 per cent. of the survivors died 
subsequently as the direct result of the illness; and in view of the 
serious and progressive nature of the condition in many others, it cannot 
be doubted that when these patients are observed over a long period of 
time, the mortality of the sequel will be found to be 15 or even 20 per 
cent. 

A large number of survivors are left more or less damaged in mind 
or body, or in both. In this series nearly one-half of the children up 
to the age of 14 are impaired mentally or physically to such a degree 
that they cannot receive instruction as normal children ; two-fifths of 
the patients over the age of 14 are completely incapacitated from work ; 
one-quarter are partly incapacitated, and in the whole series of cases 
only one-twentieth are apparently left with no trace of the disease. 

It is evident that the prognosis must be very guarded, even when 
the patient appears to have made a complete recovery. 

The clinical course to be expected in the various sequelx and the 
factors which are associated with the development and progress of the 
sequel have already been discussed. 


* SUMMARY AND CONCLUSIONS. 


(1) Evidence of mental impairment or of organic disease of the 
nervous system is found in nineteen-twentieths of patients who have 
suffered from encephalitis lethargica; in two-fifths there is serious and 
frequently progressive disability. 

(2) In more than one-quarter there is a condition of symptomatic 
paralysis agitans closely resembling Parkinson’s disease, but differing 
from it in certain details. It is usually progressive, and causes death 
through complications. 

(3) In three-twentieths there are choreiform movements. These 
patients show a tendency to gradual improvement, and the movements 
may ultimately disappear. 

(4) Residual cranial nerve palsies, especially of the third and 
seventh cranial nerves, are very common ; after a mild or unrecognized 
attack of encephalitis lethargica they may cause confusion by suggesting 
syphilitic disease of the nervous system. 
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(5) Hemiplegia, monoplegia, and paraplegia due to myelitis may be 
seen assequele. In some cases trophic changes suggest dyspituitarism. 

(6) The physical sequele may be residual conditions persisting from 
the acute stage, or they may appear many months after apparently 
complete recovery. In other cases there may be a mild sequela which 
remains stationary for two or three years and then becomes rapidly 
worse. A long interval between the acute stage and the appearance 
of further symptoms is associated with a serious and progressive 
sequela. 

(7) In those cases in which physical sequele appear several months 
after the illness, the nature of the acute stage has no connection with 
the severity of the sequela. 

(8) The physical sequele are more common and more severe in 
adults than in children; symptomatic paralysis agitans is most frequent 
between the ages of 15 and 35. 

(9) The common minor symptoms of mental impairment are defective 
memory, inability to concentrate the attention, abnormal drowsiness 
and changes in temperament; hysteria and other psycho-neuroses are 
observed. The more serious mental changes include mental deficiency 
of any degree, manic-depressive insanity, and conditions suggesting 
dementia precox. 

(10) The greatest liability to mental sequele is in children below the 
age of 10. The severity of the mental sequela varies directly with the 
degree of negative general nervous disturbance present during the 
acute stage. 

(11) As in other cases of toxic psychosis, the immediate prognosis of 
acute mania following encephalitis lethargica is good; the condition 
may persist twelve months or more, but finally the patient recovers, 
usually with a minor degree of permanent mental disturbance. 

(12) The severe and occasionally fatal nature of the sequele, their 
irregular clinical course with remissions and relapses, and the frequently 
acute onset of these relapses, strongly suggest that in some cases the 
virus of encephalitis lethargica continues to exist in the nervous system 
for long after the acute symptoms have subsided. 

I am indebted to the members of the medical staff of London 
Hospital for permission to observe their cases, and to Dr. George 
Riddoch for suggestions and criticisms in making the investigation. 
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Pyknolepsy: A Form of Epilepsy occurring in Children, 
with a Good Prognosis. 


By Dr. W. J. ADIE. 


(A bridged.) 


ALTHOUGH nothing has been written upon this subject in English- 
it has been dealt with in numerous articles in foreign journals devoted 
to the study of neurology and children’s diseases, and receives con- 
sideration in the latest editions of the standard textbooks on nervous 
diseases. The earliest descriptions of the disease were given in 1906 
by Friedmann [1] in a paper on “ Non-epileptic absences or short 
narcoleptic attacks,” and in 1907 by Heilbronner [2] in a paper on 
‘* Gehiufte kleine Anfille”’ (frequent minor attacks). 

According to Friedmann the disease has one symptom and one 
only, the attacks. These begin suddenly in healthy children between 
the ages of 4 and 10 years, and recur with great frequency, from six 
to 100 daily, in spite of treatment by bromides and other remedies. 
Ultimately, after persisting for periods which vary from a few weeks to 
many years, they cease, leaving no trace of their former presence. 
Apart from the attacks the child is perfectly well. The attacks them- 
selves are remarkable for the monotony of their course and their 
uniform mildness. They consist in an inhibition of the higher psychi- 
cal processes lasting from five to ten seconds. The power of speech 
and of voluntary movement is in abeyance, but automatic movements 
are retained ; the child sits or stands with the limbs relaxed staring 
vacantly before him, the eyeballs may roll upwards, the lids may flicker, 
but there are no convulsive movements, and consciousness is never 
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entirely lost. After the attack the child is well at once, and continues 
his interrupted game or task as if nothing had happened. According 
to prevailing notions the prognosis in cases agreeing with this descrip- 
tion should be bad, for the fits begin in early life, they are very frequent, 
and they are uninfluenced by the ordinary remedies ; yet, in Friedmann’s 
second paper giving the after-history of the patients on whom the 
original description was based, we find that the attacks ceased after 
persisting for 5 years in two cases, and for 7 and 9 years in others, 
and had not recurred for 434 years, 5 years, 9 years, and 10 years in 
different cases. One of Heilbronner’s patients was still well 6 years 
after the attacks had ceased. One of Husler’s patients was still well 
after 3 years. Stier’s [3} patients, who recovered after having attacks 
for from 23 to 8 years, were still free 2, 33, 4, 5, 5, 6 and 8 years, and 
other cases have been recorded in which the period of freedom had 
already extended over from 1 to 3 years. One of my patients who had 
very frequent attacks for 2 years has had none during the last 2 years: 
another who had attacks ‘“‘every few minutes’ for 6 months has been 


well for 2) years; another in whom they persisted for 3 years has had 
| 


none for | year and 4 months, and I have others under observation in 
whom the period of freedom is still short, or the attacks still occur. 

To my own cases I attach very little importance. They interest 
me greatly, but I cannot expect you to think much of them because 
the period of observation is short, the period of freedom from attacks 
is short, and my patients are still young; but these objections will not 
hold against some of the cases I have culled from the literature, for in 
these the period of observation has extended to 16 years, the period of 
freedom from attacks has been as long as 10 years, and the patients 
have reached such ages as 14, 16, 18, 20 and 22 years. These patients 
were perfectly well mentally and physically at the time the final obser- 
vations were made, and although the typical minor seizures had occurred 
daily for many years, none of them ever had a major attack. Were 
these patients suffering from the epilepsy of the textbooks? In 
ordinary epilepsy spontaneous recovery does not occur in more than 2 
or 3 per cent. of cases (Kraepelin) ; a spontaneous termination of thi 
disease is an event too rare to be reasonably anticipated in any given 
case (Gowers); in the cases of pyknolepsy that conform to the strict 
requirements that I shall lay down later, spontaneous termination is a 
rule to which I have been unable to find a single exception. In 
ordinary epilepsy the prognosis is bad in cases with frequent minor 
seizures and in those that do not respond favourably to appropriate 
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remedies; in pyknolepsy the attacks are very frequent, and the 


ordinary remedies have no appreciable effect upon them. In epilepsy 
slight minor seizures rarely attain their maximum frequency at the 
onset or recur alone with absolutely uniform severity for more than a 
short time; almost from the beginning succeeding attacks vary in 
severity, and the first major attack is rarely delayed for more than two 
or three years: in pyknolepsy there is no gradual onset, no climax ; 
the very acme of the disease is attained at once, and its most charac- 
teristic feature is the monotony and uniform severity of minor attacks 
that recur daily for many years without the occurrence of a single 
convulsive seizure. In epilepsy mental deterioration and psychical 
defects are characteristic, almost constant sequels that appear soonest 
and with greatest certainty in its victims who have frequent abortive 
seizures ; pyknolepsy, in spite of its long duration and the great 
frequency of the attacks, does not impede mental development nor 
give rise to psychical defects. These are differences, I need not 
mention others, which cannot well be ignored. They justify a special 
name for the disease and of the many that have been used the 
name pyknolepsy is recommended for use by English writers. It is 
concise, it is non-committal, it refers to the main feature of the group 
of cases under consideration (pyknos: frequent, heaped-up, closely 
packed, aggregated) and it allows us to coin a handy adjective, “ pykno- 
leptic,”” by analogy with epileptic. 

Is the prognosis good in all the cases that conform to my description ? 
Is it possible to detect the cases with a good prognosis at or soon after 
the onset of the disease? ‘To arrive at the answer to these questions I 
have made a careful comparison of the features of the cases that 
recovered with those in which somewhat similar frequent minor attacks 
occurred at the onset of ordinary epilepsy. (Here followed a detailed 
description of the clinical features of pyknolepsy.) Now this study of 
a large number of cases with frequent minor attacks has taught me 
first, that all the cases with a good prognosis have certain features in 
common, and, secondly, that no case with an unfavourable outcome 
presented all these common features. I have embodied these 
features in my definition of the disease which is as follows: 
A disease with an explosive onset between the ages of 4 and 12 years, 
of frequent short, very slight, monotonous minor epileptiform seizures of 
uniform severity, which recur almost daily for weeks, months or years, are 
uninfluenced by anti-epileptic remedies, do not impede normal mental and 
psychical development, and ultimately cease spontaneously never to return. 
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At most the eyeballs may roll upwards, the lids may flicker and the 
arms may be raised by a feeble tonic spasm. Clonic movements, however 
slight, obvious vasomotor disturbances, palpitations, and lassitude or 
confusion after the attacks, are equivocal symptoms strongly suggestive 
of oncoming grave epilepsy, and for the present they should be 
considered as foreign to the more favourable disease. 

I know of cases of true epilepsy with an explosive onset, of cases in 
which frequent minor attacks persisted alone for several years, of cases 
of long duration without mental changes, of cases that did not respond 
to the usual remedies, of cases in short that resembled pyknolepsy in 
some respects ; but I know of no case that satisfied all the requirements 
that I have just laid down and proved nevertheless to be one of grave 
epilepsy. 

Can the favourable cases be detected at the onset? No, there is 
nothing in the individual attacks to distinguish them from ordinary 
petit mal. A certain period of observation is necessary before a decision 
can be made. 

What is the prognosis in cases that deviate from my description 
in the direction of slightly greater severity, when for example the 
child falls in some of the attacks, or allows objects to drop from 


the hands, or wets himself occasionally, or changes colour, or is 
confused for a short time after the attack, and so on? Each of these 
events has been noted in cases that ran a favourable course, but more 
often they were the first warnings of grave epilepsy and their appearance 


in a case where the diagnosis of pyknolepsy had been entertained 
should raise the greatest doubt. Until we know more about pyknolepsy 
it is highly desirable that this name should be reserved for the cases 
that conform strictly to the description I have given, otherwise all sorts 
of frequent minor attacks will be grouped together under this heading 
and the great advantage that is gained by limiting this name to those 
in which the prognosis is certainly good will be lost. 

Is pyknolepsy a disease sui generis’ This question does not 
concern me greatly. I leave it for discussion. It has been answered 
in the affirmative abroad almost without a dissentient voice. For myself I 
shall be well satisfied if I have made it appear probable to you that there 
does exist a form of epilepsy in children which is distinguishable by 
its clinical features and in which the prognosis is always good. 


REFERENCES. 
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DISCUSSION. 


Dr. HENRY HEAD, commenting on the paper, stated he was familiar with 
such cases of pyknolepsy as had been described. What seemed to him to be 
the most striking features were that many of these children were better without 
bromide, and that they did not conform to the ordinary prognosis of epilepsy. 
He was also struck by the fact that certain of these children came from 
healthy and intellectual families in which neither epilepsy nor other neuro- 
pathic taints could be discovered. 

Dr. GORDON HOLMES also referred to cases which had been under his 
observation in which large numbers of seizures had occurred for considerable 
periods of time and yet complete cure eventually followed. He was struck by 
the fact that certain of these cases were better without bromide or other drugs. 
He did not, however, consider it advisable to group all these cases into pykno- 
lepsy. In some of the cases to which he referred a considerable amount of 
mental deterioration had occurred, and in two at least seizures recurred in 
later life. In one case these were isolated, in the other the patient became a 
chronic epileptic. He was also convinced that recovery was not a sufficient 
criterion to distinguish them from ordinary epilepsy, since the prognosis of 
this disease in childhood was not as hopeless as Dr. Adie assumed. 

Dr. STANLEY COBB saw one case that he believed should be regarded as 
pyknolepsy ; in this case the fits ceased on the fourth day under a starvation 
régime, and the child remained free from them for three weeks, though there 
had been on an average eighteen fits a day previously. He had, during this 
starvation method, given nothing except water for seven to ten days. In 
ordinary epilepsy, too, he had frequently found that the attacks ceased with 
the onset of acidosis. 

Dr. Fox referred to the extraordinary variability of epilepsy in early life. 
In one case under his care the attacks, which had been very frequent, ceased 
at the age of 18 years, and the patient has been now three years free. In 
another case in which minor seizures were extraordinarily frequent they ceased 
spontaneously at the age of 15 years. He agreed that the prognosis of epilepsy 
in childhood was not as bad as it was usually assumed to be. 

Dr. PARKES WEBER also referred to the relatively favourable prognosis of 
certain cases of epilepsy in children who suffered with attacks similar to those 
mentioned by Dr. Adie. Yet he failed to see any real argument for separating 
these cases from ordinary epilepsy. 

Dr. FEILING said that it seemed to him that the curability was the only 
feature that distinguished these cases. He had had under his care a girl, 
6 years of age, who had on an average a hundred attacks a day. None of 
the ordinary remedies had any effect upon her. but the attacks have ceased 
spontaneously. 

Dr. JAMES COLLIER regarded epilepsy as merely a symptom of a dyscrasia 
and believed that many types of disease are included within it; a more 
careful classification is needed. He asked if the occurrence of one major attack 
would upset the diagnosis. He had seen two cases at least in which a large 
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number of attacks similar to those described by Dr. Adie had persisted for 
years, and still continued without any mental deterioration. He also referred 
to other cases in which minor seizures of a Jacksonian nature lasted for long 
periods of time without leading to mental impairment. He had certainly 
been impressed by the frequency with which one obtained a history of mild 
epileptiform attacks in the earlier years of life which disappeared either under 
treatment or spontaneously. 

Dr. ADIE in reply said that as far as he knew psychology had failed to find 
any mental abnormality peculiar to pyknolepsy. It was still a matter of 
doubt whether the patients were conscious of the attacks. He emphasized 
again the fact that no somatic aure accompanied the seizures. He had tried 
various forms of treatment without effect. It is true that major attacks 
have occurred in some of the cases, in fact there seemed to be every gradation 
from pyknolepsy to ordinary epilepsy. He was inclined to agree that the 
disease is only a variety of epilepsy, but its clinical characters are so distinct 
that it seems worthy of a separate name. 


Meeting held December 13, 1923. 


Dr. F. L. Gouua read a paper on “ A Study of the Electromyograms 
of Voluntary Movement ” (see p. 57). 


DISCUSSION. 


Dr. GORDON HOLMES said that it seemed to him that the methods described, 
especially the use of a galvanometer with two strings, would have a wide 
and important clinical application. One point which interested him very much 
was that Dr. Golla had found evidences of an action-current in the ham- 
strings, that is in the antagonistic muscles, when the knee-jerk was elicited. 
This confirmed his own observations that in the knee-jerk the flexors of the 
knee contract rather than relax coincidently with, or at a very short interval 
of time after, the contraction of the quadriceps extensor. It may be re- 
membered that he had found that this contraction of the hamstrings was absent 
in patients with extensive cerebellar lesions. 

STANLEY CoBB: I appreciate this opportunity of hearing Dr. Golla’s most 
interesting paper. For the last seven years I have been occupied with the 
string-galvanometer, trying to apply it to neurological problems. Dr. Golla’s 
double-string galvanometer and needle electrodes are distinct advances in 
technique and open the way for much further investigation. It takes little 
imagination to see how much help we might immediately obtain from this 
method of solving the problems of cerebellar incoordination, to take only one 
obvious example. Dr. Golla’s work has, however, produced evidence which 
makes it necessary for us to reconsider such fundamental subjects as reciprocal 
innervation and inhibition. His records indicate that the lengthening of a 
muscle is an active, innervated process, accompanied by multiphasic action- 
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currents similar to those in the contracting antagonist. The lengthening 
muscle is not inhibited and passive as we have been wont to consider it. This 
we have known was true for complex, highly integrated movements, but 
that a knee-jerk would show such innervation is to me a new conception. As 
to the records Dr. Golla has shown us of muscles in tonic postural contraction 
and changes of this tonus, I consider these of especial importance because 
the whole subject of tonus is so confused at present. I do not think that we 
have sufficient evidence to postulate a special sort of impulse travelling along 
nerves for the innervation of muscles during tonic contraction, whether or 
not the sympathetic nervous system is implicated. We know physiologically 
of but one influence that may traverse a nerve to stimulate a muscle. This is the 
propagated disturbance or nerve impulse, a transient change giving a short action- 
current to the string-galvanometer. In simple reflexes the muscle responds with 
a single twitch, or in some spinal cord reflexes with a short tetanus sustained 
only as long as the stimulus persists. But as we proceed up the neuraxis 
to higher levels of integration we reach a reflex level where the discharge of 
motor impulses is sustained. Presumably many slight atferent stimuli are 
brought together and co-ordinated to produce a steady lasting motor pheno- 
menon such as posture. A case in point is decerebrate rigidity, found in animals 
transected at the midbrain, and the electromyogram of museles exhibiting this 
rigidity is a rapid multiphasie action current picture. If we could learn by 
electromyographic studies at just what level in the neuraxis this ability to 
sustain innervation first appears, we would make a long stride in understanding 
tonus. May it not be that all tonically contracting muscles would show these 
rapid multiphasic action-currents if our instruments were delicate enough to 
record them? Could we, perhaps, use an amplifier on the galvyanometer and 
bring out these action-currents? Ido not believe that reflex muscular con- 
traction, or any contraction of nervous origin, takes place without concomitant 
rapid multiphasic action-currents. 

In closing Dr. GOLLA said he hoped his method might be of some use to 
neurologists. Obviously his method has an immediate and practical applica- 
tion to neurology. Such a method of investigation of muscular phenomena 
is greatly needed. The apparatus is no more difficult to use than the “ heart- 
station ’’ now in use in most large hospitals. Electromyography should do 
as much and more for neurology as electrocardiography has for internal 
medicine. 

Dr. J. G. GREENFIELD asked whether it would not be possible to use elec- 
trodes which were applied to the skin instead of pin electrodes. If this were 
possible it would greatly increase the sphere of usefulness of this method of 
investigation. 

Dr. Golla had referred to the movements of the string galvanometer as 
indicating muscle contraction; but speaking more exactly they were due to 
impulses travelling down the motor nerves, which might conceivably give rise 
either to contraction or to active relaxation such as Sherrington had demon- 
strated in the antagonistic muscles. If this were so, Dr. Golla’s results 
would not conflict with Sherrington’s doctrine of reciprocal innervation. 












NorTicEs OF RECENT PUBLICATIONS. 


Il Cervello e le Funzioni Materne. The Brain and the Maternal 
Functions : an Essay on Comparative Physiology and Psychology. 
By Cario CENI. 2 vols., with 174 illustrations. Torino-Genova : 
S. Lattes. 1922. 


The object of these interesting volurmes has been to study certain problems 
of psychical activity by physiological methods. The author has chosen for 
the purpose the maternal instinct, which he has investigated by a large series 
of experiments on invertebrates and vertebrates. 

The first volume contains mainly an account of his experiments. By one 
series he has shown that neither the sexual nor the endocrine glands exert any 
influence on the maternal functions—-that is, on those aptitudes of the mother 
which assure the care and protection of the offspring. The extirpation of 
these glands does not affect the attitude of the mother to the offspring, and he 
consequently concludes that there is no direct causal relationship between the 
genital functions and the maternal impulse, in the sense that one may be 
derived from the other, as Forel thinks, or that the maternal impulse is a 
reflex phenomena of sexual origin, as Loeb assumes. There is, on the 
contrary, throughout the whole animal series an antagonism between the 
maternal instinct and the sexual functions. The mamme also have neither a 
direct nor indirect influence on the maternal instinct. 

On the other hand, he has found that lesions on the brain, especially when 
bilateral, may disturb the maternal instinct. Destruction of the frontal and 
prefrontal lobes of the brain in mammals, or of the anterior part of the corpus 
striatum in birds, leads to an immediate enfeeblement, and usually to a per- 
manent disappearance of all manifestations of maternal love and solicitude ; 
the animal may, in fact, show an unnatural aversion to its offspring on 
recovering from the operation. Extensive lesions of the posterior part of the 
hemispheres ("sensory sphere”) may also produce a gradual diminution of 
the maternal instinct; but the author believes this is due to the deficiency of 
sensory impulses from this region that normally activate the special centres in 
the frontal lobes. The intermediate regions of the brain play no direct part in 
the maternal functions, though they probably correlate the activities of the 
other centres. 

The further analysis of these observations leads to the discussion of more 


general problems, as the nature of reflex and instinctive activity, the origin 


and character of consciousness and of the subconscious, the nature and 
mechanisms of intelligence, and the localization of the fundamental psychical 
faculties in the cortex of the brain. 
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In another chapter perversions of the maternal instinct resulting from 
lesions of the brain are studied. This is followed by a discussion on the 
nature and origin of criminality, which Professor Ceni regards as a pathological 
phenomenon due to the abnormal reactions of centres which represent the 
anatomical substrate of innate tendencies. 

The last chapter of these interesting and suggestive volumes is devoted to 
the somatic and psychical differentiation of the two sexes. 


Handbuch der Neurologie des Ohres. Herausgegeben von G. ALEXANDER, 
O. MarpurG, und H. BRUNNER. 1. Band, 1. Hialfte. Berlin und 
Wien: Urban und Schwarzenberg. 1923. 


The close relations of otology to neurology are so self-evident that from 
the clinical point of view alone the appearance of such a textbook as we are 
promised by the editors must be welcomed by all who deal with the diseases 
of either the ear or of the nervous system. The extensive physiological investi- 
gations of recent years on the functions of the labyrinth, and the wider and 
more important application they promise to assume in the interpretation of 
nervous as well as of aural pathological phenomena, is another argument for 
the collection, under an editorship which assures that each subject receives 
due attention and that nothing of either theoretical or practical importance is 
omitted, of the views held to-day on the functions and pathology of the nervous 
mechanisms of the ear. 

The first volume will deal with the scientific aspects of these subjects, the 
second with the clinical manifestations of disease of the aural organs and of 
their nervous connections. The first part of the first volume only is under 
review here. It extends to 700 pages. 

The first feature that strikes the reader is the wealth and the excellence of 
the illustrations contained in both the text and the plates. A large proportion 
of these, it is true, are found in the chapters on the anatomy of the ear and its 
central connections, but the remaining sections of the book are adequately 
illustrated too. 

In the first chapter Professor Alexander deals with the macroscopical 
anatomy of the nervous parts of the auditory organ; in the second Professor 
Kolmer describes their microscopical structure; and the third chapter is 
devoted by Professor Marburg to the embryology and macroscopic and micro- 
scopic anatomy of the cochlear and vestibular nerves and of the cerebellum, as 
well as of those portions of the central nervous system directly connected with 
them. These three sections, which tegether occupy 336 pages, contain as 
complete and comprehensive a review of the anatomy of the ear and its 
connections as is anywhere available. 

The second pari contains a series of articles on the physiology and psycho- 
logy of hearing. All of these attain the same high level, but the most 
interesting perhaps is that by Kreidl on the physiology of the inner ear and of 
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the central auditory tracts and centres : the chapter on vertigo by Leidler, and 
two separate chapters on the physiology of the cerebellum by Dusser de 
Barenne and Karplus. The section by Magnus and de Kleijn on the experi- 
mental physiology of the vestibular apparatus stands out alone and in itself 
warrants the publication of the book, for it is a concise yet comprehensive 
review of all our recently acquired knowledge of the labyrinths by the 
physiologists to whom we mainly owe it. 

The form in which this volume is published and the careful editorship to 
which its matter has been obviously subjected, deserve unstinted praise. 


Festschrift fiir Constantin von Monakow. (Schweizer Archiv f. Neurol. 
u. Psychiatr., 1923, xii, Hefte 1 und 2. Zurich: Fussli. 1923.) 


This volume, which extends to over 700 pages, contains fifty-two papers 
contributed by the pupils, friends and colleagues of Professor von Monakow in 
celebration of his seventieth birthday. It is certainly worthy of the occasion, 
for each author has selected a subject in which he was interested, and the 
volume consequently contains the latest authoritative statements on many 
neurological subjects. 

Winkler writes an interesting appreciation of the various aspects of 
von Monakow’s work; this is followed by a complete bibliography of his 
scientific contributions. It is impossible to refer here to any large number of 
the articles, many of which are naturally devoted to the anatomy of the 
nervous system. Veraguth has contributed a valuable review on diaschisis ; 
Bechterew a study on the functions of the prefrontal lobes and of other regions 
of the brain by means of associative motor reflexes; Brouwer and his 
colleagues the results of an experimental investigation on the projection of the 
retin in the primary optic centres; Graham Brown discusses the mode of central 
conduction in reflex activities; Flatau gives a summary of present views on 
movements of extrapyramidal origin; Head writes on acute verbal aphasia ; 
Magnus and Rademaker on the significance of the nucleus ruber for posture, 
and Winkler describes a case of olivo-pontine cerebellar atrophy. This list 
serves at least to indicate the wealth of material contained in the volume. 


Syphilis und Nervensystem. Von Max NONNE. Fiinfte, neu 
durchgesehene und vermehrte Auflage. S. 1,190 mit 224 Abbil- 
dungen im Text. Berlin: 8S. Karger. 1924. Price M. 45. 


Nonne’s book on “Syphilis and the Nervous System” is so well known 
that it needs no introduction to neurologists. It is characterized by an 
enormous wealth of clinical observation, treated in a most praiseworthy objec- 
tive and critical manner, and controlled as far as possible by the most recent 
advances in pathology and in the laboratory methods of the diagnosis of nervous 
syphilis. 
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This new edition, which follows its immediate predecessor within three 
years, deserves, however, a special notice. It has grown by 170 pages and 
contains fifty more illustrations than the last edition. The new pages are 
largely devoted to a fuller description of laboratory tests and a critical analysis 
of their value, but many fresh clinical observations and discussions are also 
included. The symptoms due to syphilitic involvement of the basal ganglia, 
and especially of the strio-pallidal system, are for instance dealt with for the 
first time. The colloidal tests and especially the mastix reaction, which are 
apparently more highly valued in Germany than with us, are more fully 
described. 

This edition is so much more complete and up to date than that on which 
the last English translation was based that the latter cannot replace it in the 
libraries of neurologists and syphilologists. 


Cortes Transversales Seriados del Tronco Encefalico. By Dr. Joss T. 
Borpa. Buenos Aires. 1923. 


This is a short descriptive anatomy of the brain-stem, and follows the 
arrangement of Bruce's “ Atlas of the Mid and Hind Brain.” It is illustrated 
by forty excellent reproductions of transverse sections stained by the Weigert- 
Pal method of the brain-stem, from the lower end of the medulla to the upper 
end of the nucleus ruber. Eighty-four pages are given to the text, in the first 
forty-five of which the various sections are described, while the last thirty-nine 
pages are devoted to a description of the origin and destination of the cranial 
nerves and of the tracts of the brain-stem. The arrangement is a simple one, 
and in our view that best suited to the needs of those who are studying the 
anatomy of this region for the first time, for whom indeed the book appears 
to be designed. The description of the nerves and tracts follows that of most 
wnodern textbooks of anatomy, but there are no references to the literature or 
to some of the newer views on debatable points, such as the nature of the 
mesencephalic root of the trigeminal nerve. The complete absence of both 
bibliography and index makes the book of little value for reference. At the 
same time we welcome it as additional evidence of the increased interest taken 
in neurology in South America. 


The Kingdom of Evils, By KE. E. SoutHarp, M.D, and Mary C. 
JARRETT. London: George Allen and Unwin. 1923. 


When any investigator takes a group of phenomena, arranges and classifies 
them, and begins the search for their causes, a new science is conceived. In 
this book Southard assists at the conception of such a new science, for 
sociology is notoriously undeveloped and social medicine, the particular field 
of this book, is in its infancy. 

One of the striking features of the book is the attempt made to classify 
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the forms of evil and the mental diseases to which they are due. It would be 
easy to criticize the classifications proposed and the new and often unnecessary 
terms introduced, but they are admittedly tentative, and they will certainly 
help the social worker to analyse the facts he observes. 

This book is mainly written around case-histories, one hundred of which 
are included. On the whole these are interestingly written in a pleasing 
narrative style, and with a lack of the abbreviated English which so many 
medical writers inflict upon us. Interspersed with the case-histories is a 


certain amount of 


discussion, so one may pick up the book and read a single 
case with pleasure and interest. It is certainly not a book to read from cover 
to cover. Its objects are presumably to suggest ideas to social workers, to 
reveal the nature of social work, and to throw light upon the problems of 
mental hygiene. 

The book should have a wide appeal because it tells vividly of human 
misfortune and attempts at their healing. It is an especially interesting work 
because Southard was a remarkably versatile man, and could look upon these 
eases both with the sympathy of the social worker and the insight of the 
psychiatrist and philosopher. Thus the book not only givesan orderly method 
of approach to the social problems of mental disease, but shows what has 
been done in specific instances. To the neurologist, who is often too pessi- 
mistic about the treatment of psychoses, the book will show how much can be 
done by social service, that is, by a really intimate study of all the problems 
of the individual patient. The authors appear to look upon all social work as, 
in the last analysis, psychiatric, because social work deals with the re- 
adjustment between the human mind and society ; because social work deals 
with the individual as a whole, not with the patient as a collection of viscera : 
and because the system that links up these various viscera of a human being 
is the nervous system, the integrated nervous system being what we call 
* mind.” 


Readings in General Psychology. By Epwarb STEVENS ROBINSON and 


FLORENCE RicHarpson-Ropinson. University of Chicago Press. 
1923. Price 54.50. 


This book, which extends to 665 pages, consists of excerpts from well- 
known psychological and physiological writers arranged under the subjects of 
which they treat. Thus Jennings, Watson, Carr, Lloyd Morgan, Hobhouse, 
Thorndike, Stout, James and others are quoted, some at considerable length, in 
in the chapter on habit, and in other chapters even more authors are 
represented. 

The expressed purpose of the book is to supply an ample and representative 
supply of reading material for the junior student of psychology. There can be 
no doubt that this purpose has been attained, and that it will be useful and 
ippreciated by both teachers and pupils. Many who are not serious or 
systematic students of psychology will, however, find it instructive and inter- 
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esting, for without the labour of research or the help of a library they can find, 
placed side by side, the views of various authorities, in most cases English or 
American, on many important psychological problems. The value of the 
book is enhanced by the fact that the passages quoted are in many cases 
written from different points of view. 

The selections have been, on the whole, chosen judiciously and arranged 
skilfully; few are too long and the regrettable brevity of some is obviously 
conditioned by the size of the book. 


Writers of ‘Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
“Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 


London, W. 


Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain” for the Volumes | to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 6d., post free. 


To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller. 
EDITOR. 





